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ABSTRACT
A study of channel utilization and behavior of subadult 
loggerhead turtles was conducted in the St. Mary's River 
entrance channel area located on the Atlantic coast of the 
United States at the Florida and Georgia border. A total of 
38 loggerheads were captured by trawling in the entrance 
channel during the study period April 1993 to November 1993. 
Of the total loggerheads captured and instrumented for 
behavior studies 11 were captured in the spring, 13 in the 
summer, and 14 in the fall. The turtles were instrumented 
with radio and depth sensitive sonic tags. Turtles were 
monitored for 6 to 36 hours continuously for approximately 
30 days in the spring, summer, and fall. On a daily basis 
turtles generally confined their diving activity to one 
location for one to twelve hours in 10 to 20 m water depths 
then moved one to five kilometers to a new location.
Overall the turtles spent only a small percent of time in or 
near the entrance channel.
Duration of diving variables varied widely among and 
between individuals. The loggerhead turtles spent a small 
percent of time and short durations at the sea surface and 
large percent of time and long durations associated with the 
sea floor. A turtle would typically surface 1-4 times per 
hour. In general, bottom durations, submergence durations, 
and dive cycle durations were longer at night than during 
the day, with twilight durations intermediate between the 
two. Turtles surfaced more frequently during the day than 
at night. No day/night pattern was observed for surface 
duration, descent duration, ascent duration, ascent rate, 
and descent rate. Ascent duration was longer and ascent 
rate slower than descent duration and descent rate, 
respectively. The daily diving pattern showed more active 
diving during the day, which transitions during twilight 
periods to a less active period during the night.
xii
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Mean surface durations were greater in the spring than 
summer and fall. Surf ace/submergence frequency was less in 
the fall than in spring and summer. Bottom durations, 
submergence durations, and dive cycle durations were longer 
in the fall than in the spring or summer. Surface 
durations, descent durations, ascent durations, ascent 
rates, and descent rates did not differ seasonally. The 
greater time spent near the surface in the spring may have 
been a sea surface basking response by the turtle using 
solar heating to offset cold spring bottom water 
temperatures. In the spring, summer, and fall loggerhead 
turtles spent most of their time on the sea floor outside 
the channel, dove more actively during the day than at 
night, and remained in one location for up to 12 hours at 
10-20 m water depths.
xiii
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2INTRODUCTION
Loggerhead turtles, Caretta caretta (Linnaeus 1758), 
listed as threatened by the Federal government, are 
distributed in the Gulf of Mexico from Texas to Florida and 
in the Atlantic Ocean from Florida to Nova Scotia 
(Hildebrand, 1982; Hopkins and Richardson, 1984; Lee and 
Palmer, 1981; Nelson, 1988; Rebel, 1974). On the east coast 
of the United States, loggerhead turtles are found in 
inshore waters of Rhode Island (Keinath 1986), New York 
(Burke, 1990; Burke and Standora, 1991; Morreale et al., 
1992), Virginia (Byles, 1988; Keinath, 1993; Lutcavage and 
Musick, 1985; Musick, 1979), North Carolina (Epperly et al., 
1995a; 1995b; Keinath et al., 1992; Keinath, 1993; Shoop and 
Kenney, 1992), South Carolina (Van Dolah and Maier, 1993), 
Georgia (Stoneburner, 1982), and Florida (Bolton et al,
1994; Butler et al., 1987; Mendonca and Ehrhart, 1982) .
Except when the adult females come ashore to nest, sea 
turtles generally occur singularly and move over large areas 
in coastal marine waters. This solitary, wide-ranging 
behavior insures that studies of these animals are 
difficult, time 'consuming, and expensive. However, studies 
on sea turtle behavior in aquatic habitats are important not 
only to increase our knowledge of this part of their life 
cycle but to assess the causes and to prevent impacts of 
human activities on these species (National Research
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3Council, 1990; Thompson et al., 1990). This is particularly 
true in near shore and entrance channel aquatic habitats 
where sea turtle are susceptible to injury and mortality 
from channel dredging, shrimping, recreational fishing, and 
boat traffic (National Research Council, 1990; Renaud et 
al., 1995; Slay and Richardson, 1988). To reduce impacts 
from these human activities, behavior information is 
critically needed to make informed resource management 
decisions. Specific behavior data such surface durations, 
submergence durations (breath holding) , and bottom durations 
is required to accurately calculate population estimates by 
resource managers, to limit bottom trawling time by 
commercial fisherman, and to design methods to prevent 
entrainment by channel dredgers. However, aquatic behavior 
research on sea turtles has been limited to a few animals in 
a limited number of geographic locations (Table 1) .
This study was initiated to help fill the void in our 
knowledge of sea turtle activities in near shore and 
navigation channel environs. The study was conducted in St. 
Marys entrance channel area, Georgia, an important aquatic 
habitat for subadult loggerhead turtles (Slay and 
Richardson, 1988; Nelson et al. , 1993; Stoneburner, 1982).
The focus of the research was to identify and compare 
seasonal subadult loggerhead sea turtle vertical movements 
within the water column, in addition to comparing horizontal 
movements relative to the entrance channel.
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4Table 1. Comparison of sea turtle behavior studies conducted by 
various researchers (Cm = Chelonia mydas, Lk = Lepidochelys 
kempi, Dc = Dermochelys coriacea) (? = information to provided by 
author).
SPECIES SIZE/SEX TAG TYPE TIME AUTHOR LOCATION
Cm (12) sub­
adult
sonic 
w/depth
all
year
Brill et 
al. 1995
Hawaii
Lk (2) 
Cc (12)
sub­
adult
radio/
sonic
Spring,
Summer,
Fall
Byles 1988 Chesapeake 
Bay, VA
Cc (1) adult satellite Sep-Jan Byles & 
Dodd 1989
Canaveral, 
FL
Lk (2) sub-
adult
radio/
sonic
Oct-Nov Gitschlag 
et al. 1992
GA, FL
Cm (10) juvenile sonic 7 Ireland
1980
Bermuda
Cm (?) hatchling sonic 7 Ireland & 
Kanwisher 
1978
Bermuda
Dc (4) 
Cc (2)
7 radio 7 Keinath
1986
RI
Cc (5) sub-
adult
radio/
sonic
w/depth
Summer Keinath et 
al. 1992
St.Simons, 
GA
Dc (1) adult
female
satellite May Keinath & 
Musick 1993
St. Croix, 
VI
Cc (2) 
Cc (28)
adult
sub-
adult
radio/ 
sonic 
w/depth
Spring,
Fall
Keinath et 
al. 1995
Charleston 
, SC 
&
Savannah,
GA
Cc (7) sub-
adult |
satellite
w/depth
Oct-May Nelson in 
prep.
GA, FL
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5(Table 1. Continued)
SPECIES SIZE TAG TYPE TIME AUTHOR LOCATION
Cc (14) radio/
sonic
Mar-Apr Nelson et 
al. 1987
Canaveral, 
FL
Cc (4) adult
sub-
adult
Satellite 5-10
mths
Renaud &
Carpenter
1994
Gulf of 
Mexico
Cm (9) juvenile radio/
sonic
Aug - 
Sep
Renaud et 
al. 1995
south TX
Cc (1) adult radio ■? Soma 1985 Japan
Cc (21) 
Cc (2)
adult
sub-
adult
radio/ 
sonic 
w/ depth
Jul-Aug Standora et 
al. (1993a)
Canaveral, 
FL
Cc (3) 
Cc (5)
adult
male
sub­
adult
radio/
sonic
w/depth
Mar-
Apr
Standora et 
al. (1993b)
Canaveral, 
FL
Cc (8) adult
female
satellite Jun-Jul
1-34
days
Stonebumer
1982
Cumberland 
Island, GA
Lk (12) 
Cc (?)
juvenile radio Mar,
May
Timko & 
DeBlanc 
1981
FL
Cc (1) adult
female
radio
satellite
Oct-Jun 
8 mths
Timko & 
Kolz 1982
Gulf of 
Mexico
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6PURPOSE AND OBJECTIVES
The purpose of this work was to assess the seasonal 
diving behavior and channel utilization by subadult 
loggerheads. Specific objectives of this study were to 
determine loggerhead baseline behavior in the St Mary's 
River entrance channel area, to determine the percentage of 
time the turtles spend in different portions of the water 
column, to assess the seasonal differences in diving 
behavior, and to determine nocturnal and diurnal diving 
behavior of subadult loggerheads.
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7MATERIALS AND METHODS
Study Area
This study was conducted in the St. Mary's River 
entrance channel area located on the Atlantic coast at the 
Florida and Georgia border (30° 45'N, 81° 35'W) (Figure 1). 
Generally, water depths in the near shore range from 15 to 
50 feet (5 to 15 m) . The U.S. Navy TRIDENT Submarine Base 
is located in Kings Bay inshore of the entrance channel. 
Cumberland Island is to the north of the channel and Amelia 
Island is to the south. The entrance channel is 8.3 nautical 
miles (15.4 km) in length and 500 ft (150 m) wide. The 
channel is maintained at a depth of 48 ft (15 m) with annual 
maintenance dredging to permit passage of large commercial 
and military ship traffic by the U. S. Army Corps of 
Engineers District, Jacksonville, Florida. The mean tidal 
range for St. Marys entrance is 1.8 m (Coastal Engineering 
Research Center, 1992).
Capture of Turtles
To capture sea turtles for instrumentation, trawling 
was conducted in St Marys entrance channel. Trawling 
methods and equipment were standardized as much as 
conditions allowed including data sheets, nets, and trawling
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Figure 1. Study area.
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speed. Trawling was conducted with repetitive 25 to 30 min 
(total time) tows in the channel. The trawler was fitted 
with two 60-ft trawling nets constructed from 8-inch mesh 
(stretch) . Trawling was conducted with the tidal flow at 
speeds of approximately 2.5 to 3.0 knots. Positions at the 
beginning and end of each tow were determined from Loran and 
verified using Global Positioning System (GPS) equipment.
Tow speed was taken at the approximate midpoint of each tow.
Turtle Size
In general, loggerheads within the 40 to 80 cm size 
range (straight line carapace length, notch to tip) were 
instrumented and monitored. However, two adults were also 
instrumented and monitored. Following Bolten et al. (1994)
and Dodd (1988) , turtles with a SCL between 40 and 80 cm are 
classified as subadults. The size of subadults is based on 
the observed frequency distributions and the minimum 
recorded size of nesting Florida loggerheads (Bolten et al.,
1994) .
Turtle Telemetry and Monitoring Methods
Historically, a variety of techniques have been 
employed to monitor sea turtle movements and diving behavior 
including tethered flotation devices (Carr, 1963; Meylan, 
1982; Mortimer, 1981; Mortimer and Portier, 1989) and dye 
and chemical lights (Ireland and Kanwisher, 1978; Witham et 
al., 1973) . However, methods that have been used most 
frequently, most recently, and most effectively are flipper 
tags, radio tags, sonic tags, and satellite tags. Reviews
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of general telemetry methods can be found in Amlander and 
MacDonald (1980), Kenward (1987), White and Garrot (1990) 
and Kimmich (1980). Byles and Keinath (1990), Keinath 
(1986), Keinath (1990), and Keinath and Musick (1993) 
present reviews of telemetry techniques applied to the study 
of sea turtles.
For this study, all captured turtles were identified, 
measured, and tagged on each front flipper with a NMFS 
Inconel tag. Measurements were taken according to the 
protocol detailed in Nelson (1988). Straight line carapace 
length and width, head width, tail length, and weight were 
taken. Turtles were released into the channel near the 
point of capture as soon as possible following measurement 
and tagging. All turtles are referred to by their NMFS 
Inconel tag number. A Trovan Passive Integrated Transponder 
(PIT) tag was also injected subcutaneously in the fleshy 
area of the right front flipper wrist as an additional means 
of individual identification. These PIT tags, while more 
costly ($4.00-$8.00 each), have the potential of remaining 
as a permanent identification for the turtle.
The size and weight of the radio transmitter package 
was determined primarily by the battery and antenna size. 
Since radio tag transmissions can not be received when the 
antenna is submerged in sea water, the data that were 
derived from the radio tag were surface duration, surfacing 
events, and location. The radio transmitters had a 
receiving range of 5 to 20 km depending on weather 
conditions.
The sonic tags which can be received at a distance of
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only a few centimeters in air, had a receiving range in sea 
water of 1 km to 2 km. The vertical position of the turtle 
in the water column was recorded through the use of depth- 
sensitive sonic transmitters (Brumbaugh, 1991).
Weight of the tag, attachment method, and the effects 
of turtle handling were considered in design of the radio- 
sonic tag package. To prevent changes in behavior and 
negative effects to the turtles, the weight of the 
transmitter was designed to be less than 10 percent of the 
weight of the turtles (in air)(Brander and Cockran, 1971; 
Byles and Keinath, 1990; Renaud et al., 1995). The smallest 
loggerhead captured in St. Marys entrance channel was 9.7 kg 
(Dickerson et al., 1995; Nelson et al., 1993). The tag 
package weighed less than 900 gms out of water and required 
less than 30 gms weight to be submerged. Thus, the tags 
were slightly positively bouyant. The. radio and sonic tags 
were embedded in syntactic foam for floatation. The tag 
package was tethered to the turtle with a length of plastic 
coated stainless steel line attached to the edge of the 
carapace through holes drilled for this purpose (Byles and 
Dodd, 1989; Keinath et al., 1992; Standora et al., 1984).
The tethers which were approximately equal to the turtles 
straight line carapace length were short enough to minimize 
entanglement of the tag and prevent biting of the tag by the 
turtle (Timko and DeBlanc, 1981) yet long enough to allow 
the tag to break the sea surface when the turtle surfaced. 
The tether had an corrodible link and breakaway link that 
were attached to the posterior marginal scute of the turtle. 
The corrodible link allowed for release and recovery of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
tag (Keinath, 1990) . The breakaway link allowed the turtle 
to break free of the tag if it became entangled.
Changes in sea turtle behavior in response to a tag 
have not been observed (Timko and DeBlanc, 1981; Beavers et 
al., 1991) . However, change in turtle behavior due to 
capture and handling has been observed by a number of 
researchers (Musick et al., 1985; Soma, 1985; Keinath, 1986 
Gitschlag et al., 1992; Standora et al., 1993a; 1993b; 
Brill et al., 1995; Renaud et al., 1995). An increase in 
number of surfacings and highly variable surface duration 
are evidence of a turtle response to capture and handling 
(Keinath, 1986; Standora et al., 1993a; 1993b). Once a 
turtle has been tagged and released, the length of time 
required for turtle's behavior to return to normal has been 
suggested to range from 3 days (Kemmerer et al.,1983), 2 
days (Gitschlag et al., 1992), within a 1 day (Renaud et 
al., 1995), a few hours (Musick et al., 1985), 6 hours 
(Keinath et al. , 1995), 4 hours (Standora et al., 1993a; 
1993b), 3 hours (Brill et al. , 1995), and 2 hours (Keinath, 
1986). For this study to minimize handling effects on 
turtle behavior results, data obtained within 12 hours of 
turtle release were excluded from the analysis and the 
turtles were released immediately after capture.
Pulsed signals were received from the sonic tags 
(Sonotronics DT-88 Depth Sensitive Tags 32-40 kHz) to a 
Sonotronics receiver (USR91) and decoder unit (DR92) and 
then logged into a portable microcomputer where times and 
pulse intervals (converted later to water depths) were
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recorded automatically onto both a hard drive and removable 
diskette. Times and pulse intervals were also recorded 
manually into a data book from the display on the decoder 
unit. Radio transmitters (ATS151 MHZ) were monitored with 
Advance Telemetry Systems (ATS) R4000 receivers designed for 
sea turtle telemetry. Each turtle had a radio and sonic tag 
with a distinctive frequency. The transmission and 
cessation of a signal from the radio tag was entered 
manually into the computer and data book as surfacings (up) 
and descents from the surface (down), respectively. Data 
from the sonic tags on the turtles provided values for time 
spent at different positions within the water column based 
on the pulse interval.
A typical dive profile plotted from telemetry data is 
illustrated in Figure 2. Points of ascent, surface, 
descent, and bottom (dive depth)are shown. For the purposes 
of this study, bottom duration begins immediately following 
a descent to the bottom and ends when the turtle begins its 
ascent to the surface, including only those periods during 
which the turtle was actually on or very near the bottom. 
Submergence duration refers to that period of time beginning 
with a descent from the surface and ending at the start of 
the next surface interval. Submergence duration differs 
from bottom duration in that it includes bottom duration 
plus those periods during which the turtle was ascending and 
descending, in addition to mid-depth periods when a turtle 
was not on or near the bottom. Dive cycle duration 
was defined as the time when a turtle begins to 
descend from the sea surface until it resurfaces and
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Figure 2. Example of a dive profile from sonic telemetry data 
with selected variables identified.
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begins to descend again. S u r f a c e  d u r a t i o n  is defined as 
that period of time beginning immediately following an 
ascent from a submerged depth greater than 0.5 m to a point 
within 0.5 m of the surface and ending when the turtle 
descends to a point greater than 0.5 m from the surface. 
A s c e n t  d u r a t i o n  refers to the amount of time spent in a 
complete ascent from the bottom to the surface. Likewise, 
d e s c e n t  d u r a t i o n  refers to the amount of time spent in a 
complete descent from the surface to the bottom. Partial 
ascents and descents from other than the sea floor were not 
used in the calculation of ascent duration, descent 
duration, ascent rates, or descent rates.
Turtle Locations and Movements
Telemetry studies were conducted continuously for 
approximately 3 0 days for each of the spring, summer, and 
fall seasons. Initially each day, the channel was surveyed 
for the presence of instrumented turtles. Locations were 
determined by positioning a boat directly over an 
instrumented turtle and recording the GPS coordinates.
The area was monitored for radio and sonic signals for 
all instrumented turtles for the duration of the monitoring 
period. The lack of radio and sonic signals from turtles 
was recorded. The lack of a signal over a period of hours 
and days indicated that they had left the immediate area or 
the tag had failed. While Keinath (personal communication) 
has noted a number of sonic tag failures, Standora (personal 
communication) has found tag failure to be rare. All tags 
were tested prior to attachment to the turtle and
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immediately after release of the turtle. Tag failure would 
have been indicated for instrumented turtles by long periods 
when only one but not the other sonic or radio signal was 
received. No tag failures were observed during the present 
study.
Physical Measurements
Water temperatures were measured at 2 m depth intervals 
in the channel approximately 4 km from shore using a YSI 
water quality meter. Readings were recorded weekly during 
periods of data collection. Wind speed, direction, current 
velocity, and wave height were estimated and recorded.
Tidal stages were recorded from local tide charts.
Data Analysis
All time intervals were measured in seconds. To 
eliminate turtle handling effects, data taken within 12 
hours of the turtles release were excluded from the 
analysis. Because the tag could be submerged by waves for a 
few seconds and not due to the turtle's behavior, surface 
durations less than 10 seconds and bottom, submergence, and 
dive cycle durations less than 60 seconds were excluded from 
the analysis. To compare differences in dive activities for 
different times of the day, the data were initially grouped 
into 6 equal 4-hour time intervals beginning at 00:00:01 and 
ending at 23:59:59. However, exploration of the data 
(Figure 3)suggested that three 8 hour time intervals day 
(08:00-15:59), night (20:00-03:59) and twilight, combining 
dawn (04:00-07:59) and dusk (16:00- 19:59) would be
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Figure 3. Bottom duration for 22 loggerhead turtles (mean + SE) 
for four hour time intervals all data combined
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appropriate for further analysis. Levene's tests were used 
to test homogeneity of variance (Norusis, 1993) . If raw data 
were heteroscedastic, nonnormal or nonadditive, they were 
transformed to "correct for severe deviations" prior to 
analysis (Zar, 1984). Surfacings per hour were transformed 
using the square root transformation. Percent data were 
transformed using the arcsine transformation (Zar, 1984).
All other diving activity data were transformed using the 
log (x+1) transformation. Means of diving variables for 
individual turtles were tested using analysis of variance 
(ANOVA) with alpha set at 0.05. Tukey's-B multiple 
comparison tests were used to test significant differences 
in the different mean dive variables for individual turtles 
among time of day and season (p = 0.05) (Zar, 1984) .
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RESULTS
Water Temperatures
Surface temperatures differed little from bottom 
temperatures (Figure 4) during the summer and fall seasons 
which indicated a well-mixed water column with no distinct 
thermocline. However, surface temperatures were higher than 
bottom temperatures during the spring sampling. Water 
temperatures were 18.0 °C (bottom) to 19.0 °C (surface) at 
the beginning of spring sampling and 19.8 °C (bottom) to 
22.3 °C (surface) at the end of spring sampling. Water 
temperatures were 27.4 °C (surface) to 28.3 °C (bottom) at 
the beginning of summer sampling and 28.0 °C (surface) to 
28.0 °C (bottom) at the end of summer sampling. Water 
temperatures were 23.7 °C (surface) to 23.5 °C (bottom) at 
the beginning of fall sampling and 18.6 °C (surface) to 18.6 
°C (bottom) at the end of fall sampling.
Turtle Capture and Sizes
A total of 38 loggerheads was captured by trawling in 
the entrance channel during the study period April 1993 to 
November 1993 (Tables 2 and 3). Of the total loggerheads 
captured and instrumented for behavior studies 11 were 
captured in the spring, 13 in the summer, and 14 in the
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Figure 4. Water temperature (°C) profiles by water depth (m) for 
the start and the end of each sampling period.
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Table 2. Loggerhead turtles captured and monitored at Kings Bay, 
GA.
FLIPPER 
TAG #
DATE
RELEASED
STRAIGHT
CARAPACE
LENGTH
(cm)
STRAIGHT
CARAPACE
WIDTH
(cm)
HEAD
WIDTH
(cm)
WEIGHT
(kg)
QQT139 04/09 56.8 46.5 11.1 30.0
QQT141 04/10 56.5 47.5 10 .8 32.2
QQT143 04/17 57.7 48.3 11.8 31.0
QQT149 04/17 94.5 M 76.3 18 .7 106.6
QQT151 04/23 55 .8 47.7 11.0 28 .0
QQT161 05/07 57.3 47.5 11.9 25.0
QQT167 07/12 66.9 57.7 13 .1 52 . 0
QQT169 07/19 67.3 58.6 13 .9 44 . 5
QQT173 07/22 59 .7 49.2 12.3 30.4
QQT179 08/04 58 .1 50.0 12.7 30.5
QQT187 08/02 63 .3 52.2 12.3 27 . 9
QQT191 07/28 62.9 49.6 12 .4 37.0
QQT19 9 07/25 61.2 50.8 12 . 7 34 .0
QQT401 08/06 95.2 M 72.9 21.2 106.1
QQT405 08/10 62 .3 49.3 12 .4 36.0
QQH797 08/15 65 .2 53.3 13 .3 43 .0
QQT411 10/24 68 .3 57.4 13 .5 49 . 9
QQT413 10/29 69 .7 57.5 14 . 9 50 .5
QQT427 11/02 65 .8 53.5 13 .2 37.0
QQT431 11/09 73 .6 60.6 15.3 63 .5
QQT435 11/12 60 .5 51.3 13 . 0 35 .4
QQT455 11/18 59.0 48.0 12 . 9 32.2
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Table 3. Loggerhead turtles captured and but not monitored at 
Kings Bay, GA (No behavior data taken).
FLIPPER 
TAG #
DATE
RELEASED
STRAIGHT
CARAPACE
LENGTH
(cm)
STRAIGHT
CARAPACE
WIDTH
(cm)
HEAD
WIDTH
(cm)
WEIGHT
(kg)
QQT145 04/17 62.9 51.0 13 .4 37.0
QQT147 04/17 67.8 54.4 15.1 42 .0
QQT153 05/03 64.7 54.7 13 .2 38.0
QQT155 05/03 99.2 M 74.5 21. 9 113 .4
QQT157 05/03 98.5 75.4 19 . 9 104.2
QQT165 07/13 63 .2 53 .7 12 . 8 40 .0
QQT185 07/29 74 .2 61.4 15 .5 44 . 9
QQR319 07/29 65.8 53 .5 12 . 7 36.3
QQT409 10/22 73 .9 52.7 15 . 0 54 .4
QQT419 10/28 63 .2 54.3 13 . 7 38 .0
QQT425 11/02 73 .5 62.6 16 . 6 60.0
QQT433 11/08 63 .0 53 .0 13 .6 35.4
QQT437 11/12 68 .8 54 .2 14.8 43 .5
QQT445 11/18 61.7 51.0 13 .0 36.3
QQT447 11/18 59.4 47.4 12 . 5 29.0
QQT453 11/18 60 .2 54.7 12.1 32.7
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fall.
The straight-line carapace lengths (SCL, notch to tip) 
for the turtles captured and instrumented in the St Marys 
entrance channel, three seasons combined, ranged from 55.8 
cm to 99.2 cm with an average of 67.1 + 11.5 cm (mean ± 1 
SD, straight line carapace length, notch to tip). Thirty of 
loggerheads were in the 50 cm to 70 cm size range. The 34 
subadults accounted for 90 percent of the turtles captured 
and instrumented in the St Marys entrance channel. The 
remaining 4 adults (10 percent) ranged from 94.5 cm to 99.2 
cm in length. Since data was obtained for only two adult 
turtles (one in spring and one in summer) , two adults were 
not a large enough sample size to compare them statistically 
to subadults and analysis of variance tests showed no 
significant differences in straight line carapace lengths 
between seasons for instrumented turtles (including the two 
adults), the diving behavior data on the two adult turtles 
was included in the analyses of the 20 subadults. The size 
of the 22 loggerheads for which data were taken were 63.1 cm 
+ 15.4 cm (mean + 1 SD, n = 6) in spring, 65.3 cm + 11.0 cm 
(mean + 1 SD, n = 10) in summer, and 66.2 cm +. 5.6 cm (mean 
± 1 SD, n = 6) in fall. Similar sizes have been reported 
for juveniles in Canaveral Harbor entrance channel (Bolten 
and Bjorndal, 1991; Bolten et al., 1994; Henwood, 1987; 
Nelson and Shafer, 1995; Standora et al. , 1993a; 1993b), in 
Charleston Harbor entrance channel (Dickerson et al., 1995; 
Van Dolah and Maier, 1993), in Savannah Harbor entrance 
channel (Dickerson et al., 1995) and in the Chesapeake Bay 
(Byles, 1988; Keinath, 1993).
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Turtle Locations and Movements
All captured turtles were released into the channel at 
the approximate point of capture. Of the 38 instrumented 
and released turtles 6 of 11 in spring, 10 of 13 in summer, 
and 6 of 14 in the fall were remained in the study area and 
had data collected. Data collection periods for each 
individual turtle ranged from a minimum of 6 hr to several 
days. The study area was monitored for radio signals for 
all instrumented turtles for the duration of the monitoring 
period. Since approximately 80% of the tags were recovered 
and all operated properly, the cessation of radio and sonic 
signals from the 16 instrumented turtles (not located) 
suggested that they left the area. Most sea turtles are 
only temporary residents of estuarine channel areas, 
migrating to the north during the spring and to the south in 
the fall (Henwood, 1987; Keinath, 1993; Shoop and Kenney, 
1992) .
Positions of each monitored turtle at the beginning and 
end of the monitoring period were plotted using the GPS 
coordinates of the tracking vessel (Appendices 1-44) . Of 
the 822 total hours of monitoring for the three seasons, 
turtles were within the vicinity (less than 0.5 km from mid­
channel) of the channel 10 % (range 3 % to 14 %) of the time 
and 90 % of the time at least 0.5 km away from mid-channel 
(Appendices 45-50 and Tables 4 and 5) . In spring and fall, 
the monitored turtles were south of the channel 78 % and 75 
% of the time, respectively. During the summer the
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
25
Table 4. Summary of percent time spent in or near the channel 
for monitored turtles by season (1993)(All percentages are based 
on total tracking time).
SEASON
(1993)
TRACKING
TIME
(hr)
TIME IN 
CHANNEL 
(hr)
% TIME 
IN
CHANNEL
TIME
NEAR
CHANNEL
(hr)
% TIME
NEAR
CHANNEL
TIME 
OUT 
(>0.46 
km) OF 
CHANNEL 
(hr)
% TIME 
OUT OF 
CHANNEL
Spring 103 0.0 0.0% 12.5 12.0% 90.5 88.0%
Summer 407 20.5 5.0% 37.0 9.0% 349.5 86.0%
Fall 312 0.0 0.0% 9.5 3.0% 302.5 97.0%
Table 5. Summary of percent time spent north and south of the 
channel for monitored turtles by season (1993)(All percentages 
are based on total tracking time).
SEASON
(1993)
TIME
NORTH OF
CHANNEL
(hr)
% TIME 
NORTH OF 
CHANNEL
TIME
SOOTH OF
CHANNEL
(hr)
% TIME 
SOUTH OF 
CHANNEL
DISTANCE FROM 
CHANNEL
(km) (mean ±  SD)
Spring 10.5 10% 80.0 78% 4.02 ± 3.11
Summer 292.0 72% 57.5 14% 2.74 ±  1.98
Fall 67.5 22% 235.0 75% 5.56 + 3.83
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monitored turtles were to the north of the channel 72 % of 
the time. Mean distances from the channel for monitored 
turtles for each season were 4.02 + 3.11 km in spring,
2.74 ± 1.98 km in summer, and 5.56 + 3.83 km in fall 
(mean ± 1 SD) .
Diving and Submergence Behavior
Of the 38 total instrumented turtles, behavior data 
were collected for 22 turtles. Two were adult males and 
20 were subadults. No diving behavior data were collected 
on the remaining 16 turtles.
Percent of Time Spent at Surface. Mid-water, and Bottom of 
the Water Column
Data on each turtle were combined, and the percent of 
time spent within each portion of the water column was 
compared seasonally (Appendices 51-52 and Table 6). The 
mean percent of the time spent on the bottom, at depths of 9 
to 21 m(3 0 to 70 ft) had the tendency to be less in spring 
(43.7 %) than in summer (62.3 %) and fall (68.9 %) , however 
the difference did not test as significant (p = 0.220). The 
mean percent of time spent at mid-depth, was 17.8 % in 
spring, 13.7 % in summer, and 21.1% in fall and generally 
reflected time spent ascending to the surface and descending 
to the bottom. The mean percent of time spent at mid-depths 
was not significantly different for the 3 seasons (p =
0.451)(Table 7). The mean percent of the time spent at or 
near the surface (surface to 0.3 m) in the spring (19.0 %) 
was significantly greater than in the summer (8.3 %) and in
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Table 6. Percent of time spent at various depth intervals.
Portion of 
Water Column
Season Number of 
Turtles
Mean SE Min Max
Surface Spring 4 19.0 4.6 11.1 27.3
{<0.3 m) Summer 9 8.3 2.0 2.0 22.0
Fall 6 4.3 0.7 3.0 7.4
Total 19 9.3 1.8 2.0 27.3
Surface Spring 4 31.1 6.6 14.9 43 .4
(<1.5 m) Summer 9 16.3 2.9 2.3 29.5
Fall 6 6.6 1.7 2.2 14.5
Total 19 16.4 2.8 2.2 43 .4
Surface Spring 4 38.6 8.1 16.1 52.6
(< 3.0 m) Summer 9 24 .1 5.3 2.7 51.9
Fall 6 9.6 2.1 2.9 17.7
Total 19 22.6 3.8 2.7 52.6
Mid-water Spring 4 17.8 7.0 2.6 36.6
(3 to 10 m) Summer 9 13 .7 3.2 1.4 29.5
Fall 6 21.1 4.4 4.6 30.8
Total 19 16.7 2.5 1.4 36.6
Bottom Spring 4 43 .7 12.8 25.5 81.3
(>10 m) Summer 9 62.3 8.0 18.6 95.9
Fall 6 68.9 5.8 59.0 92.5
Total 19 60.5 5.2 18.6 95.9
Submerged Spring 4 81.0 4.6 72.7 88.9
(>0.3 m) Summer 9 91.7 2.0 78.0 98.0
Fall 6 95.8 0.7 92.6 97.0
Total 19 90.7 1.8 72.7 98.0
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Table 7. ANOVA and Tukey's-B multiple range tests (alpha = 0.05) 
of percent time at different depth intervals compared by season. 
Data transformed using arcsine transformation prior to analysis. 
Seasons not connected by underlining are significantly different.
ANOVA
Tukey's-B test E P
Surface 
(<0.3 m)
SD
MEAN
SEASON
9.1
19.0
spring
5.9
8.3
Sumner
1.7
4.2
Fall
7.87 0.004
Surface 
(<1.5 m)
SD
MEAN
SEASON
13 .3 
31.1 
Spring
8.7
16.3
Summer
4.2
6.6
Fall
9.43 0.002
Surface 
(<3.0 m)
SD
MEAN
SEASON
16.2
38.6
Sprincr
16.0
24.1
Summer
5.1
9.6
Fall
5 .55 0.015
Submerged 
(>0.3 m)
SD
MEAN
SEASON
9.1 
81.0 
Spring
5.9
91.7
Summer
1.7
95.8
Fall
7.87 0.004
Mid-water 
(3-10 m)
SD
MEAN
SEASON
14.1
17.8
Sprincr
9.6 
13 .7 
Summer
10.9
21.1
Fall
0 .84 0 .451
Near- 
Bottom 
(>10 m)
SD
MEAN
SEASON
25.6 
43 .7 
Sprincr
24.1 
62 .3 
Summer
14 .2 
68.9 
Fall
1.67 0 .220
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Table 8. ANOVA and Tukey's-B multiple range test (alpha = 0.05) 
for mean diving variables tested for the spring(n = 5 turtles), 
summer (n = 9 turtles) and fall ( n = 6 turtles) seasons. 
Surfacing frequency data were transformed using the square root 
transformation and other data transformed using log (x+1) prior 
to analysis. Seasons not connected by underlining are 
significantly different.
Tukey's-B test ANOVA
£ £
Surface SD 348 .2 34.7 126.7
Duration Mean 517.6 102 .3 224.5 18.7 0.000
(sec) Season Spjri-ng Summer Fell
Surfacing SD 0.6 5.8 1.7 4.11 0.035
frequency Mean 1.2 4.8 3.8
(n/hr) Season Pall Sprincr Summer
Bottom
Duration
(sec)
SD
Mean
Season
505.4 
1002 .5 
Sorincr
354 .4 
838 .4 
Summer
1430.3
3658.6
F ? H
17.3 0.000
Submergence
Duration
(sec)
SD
Mean
Season
612.9
1298.8
Spring
301.3 
1001.8 
Summer
1561.9 
4545.8 
Fall
26.6 0 . 000
Dive Cycle
Duration
(sec)
SD
Mean
Season
482.9
1729.1
Sprincr
332 .5
1085.1
Summer
1576.8 
4712.3 
Fall
29 . 9 0.000
Ascent
Duration
(sec)
SD
Mean
Season
74.9 
13 8.2 
Sprincr
121.5
159.2
Summer
28 . 5 
103 .3 
Fall
0.28 0.758
Descent
Duration
(sec)
SD
Mean
Season
45 .1 
'107.1 
Sprincr
26.2
74.3
Summer
15 . 6 
89 . 5 
Fall
2.17 0 .145
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(Table 8 continued).
Tukey's-B test ANOVA
Ascent SD 0 .068 0.095 0.010 0 .20
Rate Mean 0 .146 0 .172 0 .161
(m/sec) Season Sorincr Summer Fall
Descent SD 0 .064 0.058 0.030 0.92
Rate Mean 0.184 0.222 0 .200
(m/sec) Season .Spring Summer
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the fall (4.3 %)(p = 0.004)(Table 7). The mean percent of 
the time spent submerged in the spring (81.0 %) was 
significantly less than in the summer (91.7 %) and in the 
fall (95.8 %) (p = 0.003) (Table 7) .
Surface Duration
Mean surface durations were not significantly different 
for time of day (day, night, or twilight) (p >. 0.525)
(Table 9) . Mean surface durations were significantly longer 
in the spring than the fall and summer (p = 0.001)(Table 8). 
Mean surface durations were significantly longer in the fall 
than in the summer(p = 0.001).
Surfacincrs per hour (surfacing frequency)
Mean surfacings per hour were significantly higher for 
the summer season (3.8 per hr) than the fall season (1.2 per 
hr) (p < 0.035) (Table 8) . The mean surfacing frequency was 
higher in the spring (4.8 per hr) than mean surfacing 
frequency in the summer and fall. Because of the high 
variation in spring surfacing frequency, the difference 
between summer and fall did not test significant (Table 8). 
In general, mean number of surfacings per hour were less at 
night then during the day or twilight (Table 9) . Mean 
surfacings per hour during twilight were intermediate in 
number to day and night. For the summer season, the night 
surfacings per hour were significantly less than from day 
surfacings per hour (p = 0.043). For the fall and spring 
seasons, mean number of surfacings followed the same pattern 
as the summer season: fewer surfacings at night, an
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Table 9. ANOVA and Tukey's-B multiple range test (alpha = 0.05) 
for mean surface duration and mean surfacing frequency tested for 
the time of day for each season. Surfacing frequency data were 
transformed using the square root transformation and other data 
transformed using log (x+1) prior to analysis. Seasons not 
connected by underlining are significantly different.
Surface Duration(sec) Tukey's-B test ANOVA
E £
Spring n 3 3 5
SD 430.4 581.4 657.6 0.20 0.822
Mean 398.0 516.7 665.6
Time Niaht Twiliaht Pey
Summer n 8 9 7
SD 60 .4 47.2 44 .5 0.66 0.525
Mean 122 .3 109.8 91.7
Time Niaht Twiliaht Day
Fall n 6 6 6
SD 71.3 63.1 295.5 0.28 0.754
Mean 227.8 192.5 270 . 8
Time Night. Twiliaht Day
Surfacing frequency (n/hr) Tukey's-B test ANOVA
E £
Spring n 5 3 45
SD 0.9 6.4 6.0 0.99 0.408
Mean 1.1 4.9 5.1
Time Niaht Twiliaht Day
Summer n 8 9 8
SD 1.1 2.0 2.3 3.64 0.043
Mean 2.3 4.1 4.7
Time Niaht Twiliaht Day
Fall n 6 6 6
SD 0.3 0.7 1.2 3.51 0.056
Mean 0.6 1.4 1.7
Time Niaht Twiliaht P^Y
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intermediate number of surfacings during twilight, and the 
greatest number of surfacings during the day. However, fall 
and spring time of day differences did not test as 
significant (Table 9). In summary, the turtles showed a 
decrease in surfacing frequency from spring to fall and from 
day to night.
Bottom. Submergence, and Dive Cycle Durations
Fall mean bottom durations, mean submergence durations, 
and mean dive cycle durations were significantly longer than 
corresponding dive activities in the spring and summer 
(p < 0.001) (Table 8) . Spring mean bottom durations, mean 
submergence durations, and mean dive cycle durations were 
not significantly different from summer. In general, mean 
bottom durations, mean submergence durations, and mean dive 
cycle durations were longer at night then during the day or 
twilight. Twilight bottom durations, mean submergence 
durations, and mean dive cycle durations tended to be 
intermediate in length to day and night (Tables 10 and 11) .
Bottom durations were significantly different for the 
time of day for summer and fall seasons (p < 0.01) but not 
spring (p < 0.562) . During the fall, night mean bottom 
durations were significantly longer than day mean bottom 
durations (p < 0.05).
Submergence durations were significantly different for 
the time of day for all three seasons (p < 0.01). For the 
spring and summer seasons combined, the night mean 
submergence durations were significantly longer than day and 
twilight (p = 0.009). For the fall, the night mean
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Table 10. ANOVA and Tukey's-B multiple range test (alpha = 0.05) 
for mean bottom duration tested for the time of day for each 
season. Data were transformed using log (x+1) prior to analysis. 
Seasons not connected by underlining are significantly different.
Bottom Duration(sec) Tukey's-B test ANOVA
£ £
Spring n 2 4 5
SD 444.8 871.3 309 .7 1.05 0
Mean 1504.5 898.8 847.6
Time Night Twilight
Summer n 7 9 8
SD 488 .3 386.2 357.6 1.80 0,
Mean 1134.0 869.1 735.5
Time Night Twilight Dav
Fall n
SD
Mean
Time
6 6 6
2748.0 2092.2 1044.8
5102.3 4303.0 2242.0
Night____ Twiliaht Day
4.26 0.034
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Table 11. ANOVA and Tukey's-B multiple range test (alpha = 0.05) 
for mean submergence duration and mean dive cycle duration tested 
for the time of day for each season. Data were transformed using 
log (x+1) prior to analysis. Seasons not connected by 
underlining are significantly different.
Submergence Duration(sec) Tukey's-B test ANOVA
£ £
Spring n 2 4 5
SD 2088.1 753 .5 465.6 1.27 0.330
Mean 2580.5 1251.3 1093 .4
Time Night Twiliaht D^y
Summer n 7 9 8
SD 385.4 292 .2 362.3 6.89 0.005
Mean 1501.4 1014.8 864.4
Time Niaht Twiliaht P?y
Fall n 6 6 6
SD 2675.4 1759 . 9 1289.0 3.36 0.062
Mean 6514.0 4372 . 7 3645.5
Time Niaht Twiliaht Dav
Dive Cycle Duration (sec) Tukey's-B test ANOVA
£ £
Spring n 2 4 5
SD 1938.9 963 .4 172.6 1.27 0.330
Mean 2836.0 1590.3 1895.4
Time Niaht Twiliaht D;=iy
Summer n 7 9 8
SD 386.4 334.9 379.7 7.16 0.004
Mean 1623.6 1104.2 932.5
Time Niaht Twiliaht Day
Fall n 6 6 6
SD 2658.5 1671.4 1355.2 2.69 0.100
Mean 6490.3 4488.6 3990.3
Time Niaht ,Twilight Day
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submergence durations were longer than day and twilight but 
not significantly (p = 0.062).
Mean dive cycle durations were significantly different 
for the time of day for summer and fall seasons (p < 0.01) 
but not spring (p < 0.91) . For the summer, the night mean 
dive cycle durations were significantly longer than day and 
twilight (p = 0.004) . For the fall, the night mean dive 
cycle durations were longer than day and twilight but not 
significantly (p = 0.10).
Descent Duration. Ascent Duration. Descent Rate, and Ascent 
Rate
Mean descent duration, mean ascent duration, mean 
descent rate, and mean ascent rate were not significantly 
different seasonally. Mean descent duration, mean ascent 
duration, and mean descent rate were not significantly 
different for time of day (Tables 8,12 and 13) . Fall mean 
ascent rate was significantly faster than mean ascent rate 
for the spring and summer (p = 0.004). Ascent durations 
tended to be longer than descent durations for all seasons. 
Ascent durations were significantly greater than descent 
durations for the spring (p = 0.010) and summer (p = 0.000) 
seasons but not the fall (p = 0.317). Mean ascent rates 
were significantly slower than descent rates for all 
seasons(p = 0.031). The mean rates for all seasons combined 
were 0.21 ± 0.05 mps (meters per second) for descents and 
0.16 ± 0.07 mps for ascents.
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Table 12. ANOVA and Tukey's-B multiple range test (alpha = 0.05) 
for mean ascent duration and descent duration tested for the time 
of day for each season. Data were transformed using log (x+1) 
prior to analysis. Seasons not connected by underlining are 
significantly different.
Ascent Duration(sec) Tukey's-B test ANOVA 
£ £
Spring n 2 4 5
SD 72.8 131.3 36.7 0.80 0.483
Mean 176.5 179.0 110.6
Time Niaht Twiliaht Day
Summer n 7 8 8
SD 117.4 134.6 100.8 0.03 0.967
Mean 144.0 131.9 128.9
Time Niaht Twiliaht Day
Fall n 6 5 6
SD 21.2 32 .5 41.9 2.90 0.088
Mean 84.0 101.0 129.8
Time Niaht Twiliaht Day
Descent Duration(sec) Tukey's-B test ANOVA
£ £
Spring n 2 5 5
SD 24.8 45 .2 60 .2 0.01 0.988
Mean 101.5 107.8 104.6
Time Niaht Twiliaht Day
Summer n 7 8 8
SD 29.9 16.8 14.6 1.09 0.356
Mean 78.7 68 .1 62 . 9
. Time Niaht Twiliaht Day
Fall n 6 6 6
SD 9.1 44 .7 26.8 2.06 0.161
Mean 72.7 108 .5 91.8
Time Niaht Twiliaht Day
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Table 13. ANOVA and Tukey's-B multiple range test (alpha = 0.05) 
for mean ascent rate and mean descent rate tested for the time of 
day for each season. Data were transformed using log (x+1) prior 
to analysis. Seasons not connected by underlining are 
significantly different.
Ascent Rate(m/sec)
Spring n 
SD
Mean
Time
Summer n
SD
Mean
Time
Tukey's-B test ANOVA
£ £
2 4 5
0.035 0.078 0 . 046 1.55 0.271
0.702 0 .119 0.156
Niaht Twiliaht Day
7 8 8
0 .101 0.099 0 .087 0.08 0.920
0 .181 0 .199 0.182
Niaht Twiliaht Dav
Fall n
SD
Mean
Time
6 6 5
0.013 0.031 0.018
0.183 0.172 0.130
Niaht Twilight Day
8.67 0.004
Descent Rate (m/sec) Tukey's-B test ANOVA
E £
Spring n 2 4 5
SD 0 .116 0 .063 0 .077 0.09 0.918
Mean 0 .201 0 .182 0 .173
Time Niaht Twiliaht Day
Summer n 6 8 8
SD 0 .066 0.032 0 .054 2.13 0.146
Mean 0 .193 0 .234 0 .249
Time Niaht Twiliaht Day
Fall n 6 6 6
SD 0.037 0 .029 0 .031 0.47 0.634
Mean 0 .208 0 .192 0 .193
Time Niaht Twiliaht Day
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DISCUSSION
Movements
No one variable seems to explain the movement of 
turtles over the St Marys entrance channel area. Turtles 
tended to remain in one location for a period of hours.
While movements occured in all directions, the turtle 
movements appeared to follow a general north or south 
directional pattern within 10 to 20 m water depths.
However, some of the movements were directed to the the east 
and west. Movements of turtles have been reported to be 
influenced by tides (Byles, 1988; Keinath et al., 1992) and 
water temperatures (Byles and Dodd, 1989; Keinath, 1993; 
Lutcavage and Musick, 1985; Renaud and Carpenter,1994; Shoop 
et al., 1981). Turtles may respond directly by drifting in 
the direction of tidal flows (Byles, 1988; Keinath et al., 
1992) and by avoiding cold water temperatures (Byles and 
Dodd, 1989; Keinath, 1993; Lutcavage and Musick, 1985;
Renaud and Carpenter,1994; Shoop et al., 1981). Turtles may 
be responding indirectly to movements of their benthic prey 
as they respond to changes in temperature and tidal flows.
Sea turtles are usually found in water with 
temperatures greater than 18 °C (Lutcavage and Musick, 1985; 
Shoop et al., 1981). A female adult loggerhead in Florida 
usually remained in water temperatures of 19 to 27 °C, and
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movements occurred in response to a cold weather front 
(Byles and Dodd, 1989). Subadult Kemp's ridleys 
(Lepidochelys kempi) in Georgia and Florida were not 
observed in water below 18 °C (Gitschlag et al., 1992) . 
Keinath (1993) reported that, even though turtles 
experienced water temperatures that ranged from 6 to 
30 °C, Kemp's ridleys generally remained in water 
temperatures between 15 and 20 °C and loggerheads generally 
remained in water temperatures between 15 and 25 °C.
Turtles moved to the south in response to cold water 
temperature that approached 15 °C (Keinath, 1993). Renaud 
and Carpenter (1994) noted that loggerhead movements in the 
Gulf of Mexico are probably influenced by air and sea 
surface temperature. Mean temperatures of the satellite 
tags attached to loggerheads in their study ranged from 
21.2 to 30.5 °C. Shaver (1994) reported that no turtles 
were captured at water temperatures below 15.5 °C when 
tangle nets were used to capture juvenile green turtles and 
a juvenile hawksbill (Eretmochelys imbricata) turtle at Port 
Mansfield, Texas. Epperly et al. (1995a, 1995b) compared 
aerial surveys of sea turtles with satellite sea surface 
temperatures off the coasts of North Carolina and Virginia. 
They observed sea turtles throughout the winter months most 
often along warm water gradients but also in waters about 
8 °C.
Ireland (1980) reported that direction of movements of 
juvenile green turtles in Bermuda were not influenced by 
waves, winds, or surface currents. Byles (1988) observed 
that subadult loggerheads in the Chesapeake Bay tended to
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shift with the tide. Keinath et al. (1992) observed 
subadult loggerheads drifting with the tide at St. Simons, 
Georgia.
Movement of turtles predominantly with the tide as 
observed by Keinath et al. (1992) and Byles (1988) was not 
readily apparent in this study. The tide in the St Marys 
entrance channel area followed a east-west pattern while the 
turtles often remained in one location during a complete 
tidal cycle. Temperature did not play a factor in the 
short-term movements since water temperatures did not very 
widely during a 24 hour period.
Turtles may have been foraging along the 10 m to 20 m 
depth contour since the monitored turtles stayed mostly 
within these water depths. Turtles could have been foraging 
for shrimp or bycatch, since shrimp boats were often 
observed trawling parallel to shore within the areas where 
turtles were monitored. However, none of the turtles 
monitored in this study were observed next to or following a 
shrimp trawler.
Individual Turtle Behavior
Mean durations of the various diving activities fell 
within the range of other studies (Appendices 53-63, Tables 
14-18). Most differences between studies likely resulted 
from large variations for individuals, but the differences 
in diving behavior also could be influenced by water depth 
(Byles and Dodd, 1989; Keinath et al., 1995; Renaud et al., 
1995), water temperature (Byles, 1988; Keinath et al., 1995; 
Standora et al., 1993a; 1993b), and light (Byles, 1988;
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Table 14. Comparison of diving data (percent of time at depth 
intervals) from 4 channels in the southeastern United States 
(Clarleston and Savannah from Keinath et al., 1995; St. Marys 
from this study; Canaveral-Mar-Apr from Standora et al., 1993b; 
Canaveral-Jul-Aug from Standora et al., 1993a; and Canaveral-Sep 
from Nelson and Shafer, 1995).
LOCATION MONTHS WATER 
TEMP (°C)
Number of 
Turtles
% Time
Near
Surface
% Time at 
Mid­
depths
% Time
Near
Bottom
Charleston May-Jun 19.0-
25.0
4 8.5
(< 3 m)
39.3 52.3
Charleston Sep-Oct 22.1-
27.8
5 6.7
(< 3 m)
18.7 74.5
Savannah Apr-May 12.5-
18.2
2 48.6
(< 3 m)
36.9 14.6
Savannah Oct-Nov 15.6- 
23 .4
9 14.9 
(< 3 m)
36.9 48 .2
St Marys Apr-May 18.0-
22.3
4 38.6 
(< 3 m)
17.8 43.7
St Marys Jul-Aug 27.4-
28.3
9 24.1 
(< 3 m)
13.7 62 .3
St Marys Oct-Nov 18.6- 
23 .7
6 9.6
(< 3 m)
21.1 68 .9
Canaveral Mar-Apr 16.5-
23.6
8 12.7 
(<5 m)
22.7 64.7
Canaveral Jul-Aug 19.1-
30.7
23* 26.0 
(<5 m)
33.7 40 .2
Canaveral Sep 25.9-
28.2
12 4.3
(<0.3 m)
12.5 83.2
♦excludes 0400-0800 time interval, 23 different turtles (21 adults and 2 
subadults) , a total of 25 two hour monitoring periods (15 two hour monitoring 
intervals for day time and 10 two hour monitoring intervals for night time)
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Table 15. Comparison of diving data (mean surface duration) from 
4 channels in the southeastern United States (Clarleston and 
Savannah from Keinath et al., 1995; St. Marys from this study; 
Canaveral-Mar-Apr from Standora et al., 1993b; Canaveral-Jul-Aug 
from Standora et al., 1993a; and Canaveral-Sep from Nelson and 
Shafer, 1995).
LOCATION MONTHS WATER 
TEMP (°C)
Number
of
Turtles
Mean
Surface
Duration
Day
(sec)
Mean
Surface
Duration
Night
(sec)
Mean
Surface
Duration
All
(sec)
Charleston May-Jun 19.0-
25.0
9 759 512 464
Charleston Sep-Oct 22.1-
27.8
9 91 149 102
Savannah Apr-May 12.5-
18.2
2 291 173 139
Savannah Oct-Nov 15. 6- 
23.4
10 87 391 165
St Marys Apr-May 18.0-
22.3
6 582 492 510
St Marys Jul-Aug 27.4-
28.3
9 140 90 109
St Marys Oct-Nov 18.6- 
23 .7
6 209 206 207
Canaveral Mar-Apr 16.5- 
23 .6
8 386 290 338
Canaveral Jul-Aug 19.1-
30.7
23* 88 101 94
Canaveral Sep 25.9-
28.2
12 72 156 87
♦excludes 0400-0800 time interval, 23 different turtles (21 adults and 2 
subadults) , a total of 25 two hour monitoring periods (15 two hour monitoring 
intervals for day time and 10 two hour monitoring intervals for night time)
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Table 16. Comparison of diving data (mean submergence duration) 
from 4 channels in the southeastern United States (Clarleston and 
Savannah from Keinath et al., 1995; St. Marys from this study; 
Canaveral-Mar-Apr from Standora et al., 1993b; Canaveral-Jul-Aug 
from Standora et al., 1993a; and Canaveral-Sep from Nelson and 
Shafer, 1995) .
LOCATION MONTHS WATER
TEMP
(°C)
Number
of
Turtles
Mean
Submergence 
Duration 
Day (sec)
Mean
Submergence 
Duration 
Night (sec)
Mean
Submergence 
Duration 
All (sec)
Charleston May-
Jun
19.0-
25.0
9 878 1396 968
Charleston Sep-
Oct
22.1-
27.8
9 1358 1549 1052
Savannah Apr-
May
12.5-
18.2
2 1970 1847 1078
Savannah Oct-
Nov
15.6-
23.4
10 1408 2827 1571
St Marys Apr-
May
18.0-
22.3
6 1548 1292 1382
St Marys Jul - 
Aug
27.4-
28.3
9 1374 867 1057
St Marys Oct-
Nov
18.6-
23.7
6 5141 3118 3990
Canaveral Mar-
Apr
16.5-
23.6
8 not
reported
not
reported
not
reported
Canaveral Jul-
Aug
19.1-
30.7
23 + not
reported
not
reported
not
reported
Canaveral Sep 25.9-
28.2
12 not
reported
not
reported
not
reported
♦excludes 0400-0800 time interval, 23 different turtles (21 adults and 2 
subadults) , a total of 25 two hour monitoring periods (15 two hour monitoring 
intervals for day time and 10 two hour monitoring intervals for night time)
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Table 17. Comparison of diving data (mean surfacings per hour) 
from 4 channels in the southeastern United States (Clarieston and 
Savannah from Keinath et al., 1995; St. Marys from this study; 
Canaveral-Mar-Apr from Standora et al., 1993b; Canaveral-Jul-Aug 
from Standora et al., 1993a; and Canaveral - Sep from Nelson and 
Shafer, 1995).
LOCATION MONTHS WATER
TEMP
(°C)
Number
of
Turtles
Mean
Number of 
Surfacings 
per Hour 
Day
Mean
Number of 
Surfacings 
per Hour 
Night
Mean All 
Number of 
Surfacings 
per Hour 
All
Charleston May-
Jun
19.0-
25.0
9 not
reported
not
reported
not
reported
Charleston Sep-
Oct
22.1-
27.8
9 not
reported
not
reported
not
reported
Savannah Apr-
May
12 .5- 
18.2
2 not
reported
not
reported
not
reported
Savannah Oct-
Nov
15.6- 
23 .4
10 not
reported
not
reported
not
reported
St Marys Apr-
May
18.0-
22.3
6 1.4 3.6 2.9
St Marys Jul-
Aug
27.4-
28.3
9 2.5 4.3 3.4
St Marys Oct-
Nov
18.6-
23.7
6 0.9 1.5 1.2
Canaveral Mar-
Apr
16.5-
23.6
8 3.1 1.2 2.1
Canaveral Jul-
Aug
19.1-
30.7
23* 1.9 2.4 2.1
Canaveral Sep 25.9-
28.2
12 not
reported
not
reported
2.1
♦excludes 0400-0800 time interval, 23 different turtles (21 adults and 2 
subadults) , a total of 25 two hour monitoring periods (15 two hour monitoring 
intervals for day time and 10 two hour monitoring intervals for night time)
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Table 18. Comparison of diving data (mean bottom duration) from 4 
channels in the southeastern United States (Clarieston and 
Savannah from Keinath et al., 1995; St. Marys from this study; 
Canaveral-Mar-Apr from Standora et al., 1993b; Canaveral-Jul-Aug 
from Standora et al., 1993a; and Canaveral-Sep from Nelson and 
Shafer, 1995).
LOCATION MONTHS WATER 
TEMP (°C)
Number
of
Turtles
Mean
Bottom
Duration
Day
(sec)
Mean
Bottom
Duration
Night
(sec)
Mean
Bottom
Duration
All
(sec)
Charleston May-Jun 19.0-
25.0
9 not
reported
not
reported
not
reported
Charleston Sep-Oct 22.1-
27.8
9 not
reported
not
reported
not
reported
Savannah Apr-May 12.5- 
18 .2
2 not
reported
not
reported
not
reported
Savannah Oct-Nov 15.6- 
23 .4
10 not
reported
not
reported
not
reported
St Marys Apr-May 18.0-
22.3
6 1432 1045 1124
St Marys Jul-Aug 27.4-
28.3
9 1201 860 1004
St Marys Oct-Nov 18.6- 
23 .7
6 4094 2962 3492
Canaveral Mar-Apr 16.5- 
23 .6
8 694 1102 898
Canaveral Jul-Aug 19.1-
30.7
23* 523 730 617
Canaveral Sep 25.9-
28.2
12 not
reported
not
reported
1264
♦excludes 0400-0800 time interval, 23 different turtles (21 adults and 2 
subadults), a total of 25 two hour monitoring periods (15 two hour monitoring 
intervals for day time and 10 two hour monitoring intervals for night time)
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Keinath and Musick, 1994; Keinath et al., 1995; Renaud et 
al., 1994; Standora et al., 1984; Standora et al., 1993a; 
1993b). Water depths for the turtle locations in this study- 
ranged from 10 m to 22 m, but turtles were most often in 
water depths of 12 m to 15 m. As discussed in the sections 
on daily and seasonal dive patterns, diving behavior 
appeared to be influenced by daylight and water temperature.
The high degree of association with the bottom evident 
in this study has been a pattern found in other turtle 
behavior studies (Keinath et al., 1995; Renaud and 
Carpenter, 1994; Standora et al., 1993a; 1993b). This 
bottom association may be due to loggerhead's benthic 
feeding habits (Dodd, 1988), as a protection from predation 
by sharks (National Research Council, 1990), and/or a means 
of maintaining position or conserving energy by remaining in 
slower, near-bottom currents (Brown et al., 1989).
Diving variables among and between individual turtles 
were variable in this study. A number of studies also have 
reported high variability within and between individuals of 
the same species. Kemmerer et al. (1983) found large
differences in diving behavior of individual loggerheads at 
Canaveral, Florida. Keinath (1986) found diving patterns 
significantly different for individual loggerheads and 
leatherbacks (Dermochelys coriacea) within the species at 
Rhode Island. He attributed differences'between surface 
times and submersion times due to individual differences 
rather than species differences. Standora et al. (1993a)
found diving variables varied greatly among individual adult 
and subadult loggerheads monitored at Canaveral, Florida.
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Renaud and Carpenter (1994) found individual loggerheads in 
the Gulf of Mexico varied in diving variables. Brill et al. 
(1995) reported a wide variation in individual movements and 
dive patterns of subadult green turtles (Chelonia mydas) in 
Hawaii. Keinath et al. (1995) found diving behavior 
variable both within and between subadult loggerhead turtles 
in Savannah, Georgia, and Charleston, South Carolina.
Daily Dive Patterns
The mean durations of dive activities exhibited day- 
night patterns. The turtles exhibited less activity at 
night, with longer night time submergence times and fewer 
night time surfacings. Differences in day and night diving 
behavior of turtles have been reported by several 
researchers (Byles, 1988; Keinath et al., 1995; Nelson et 
al., 1987; Nelson and Shafer, 1995; Renaud and Carpenter, 
1994; Standora et al., 1993a; 1993b). Sea turtles alternate 
between active and inactive periods (Byles, 1988; Susie,
1972).
Studies on daily surface duration patterns have had 
mixed results. Soma (1985) found surface durations longer 
in the day than at night for an adult female nesting 
loggerhead at Omaiezki Beach, Japan. Keinath (1986) 
observed greater average surface durations during the night 
than the day for two turtles monitored in Rhode Island. A 
subadult leatherback was reported to have greater average 
surface times during the day than at night (Standora et al., 
1984). Subadult loggerheads remained on the surface longer 
at night than during the day in the Chesapeake Bay (Byles,
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1988) . In Canaveral, Florida differences between day and 
night mean surface times of loggerheads were small (Standora 
et al., 1993a; 1993b) . Keinath et al. (1995) found day and 
night differences in surface times varied with season for 
subadult loggerheads in Georgia and Florida. In the spring, 
mean surface times were longer during the day than at night, 
and during the fall mean surface times were longer during 
the night than during the day (Keinath et al., 1995) .
Renaud et al. (1995) reported that the mean surface times 
were higher at night than during the day for juvenile green 
turtles in south Texas.
Keinath et al. (1995) reported that subadult 
loggerheads avoid temperatures below 15 °C and suggested 
longer surface times and shorter bottom times in spring were 
likely due to turtles basking near the surface in response 
to cooler water temperatures. When water temperatures were 
higher than 19 °C subadult loggerheads spent most of their 
dive cycle on the bottom (Keinath et al., 1995) .
A subadult leatherback was reported to have greater 
average submergence duration during the day than at night 
(Standora et al., 1984). Keinath (1986) observed greater 
average submergence times during the night than the day for 
two turtles monitored in Rhode Island. Keinath and Musick 
(1993) found submergence durations were longer at night than 
during the day for an adult female leatherback at St. Croix, 
Virgin Islands. Subadult and adult loggerheads in the Gulf 
of Mexico made significantly shorter submergences during the 
day than during the night for all seasons (Renaud and 
Carpenter, 1994). Subadult green turtles in Hawaii remained
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at shallower depths during the night but showed no day-night 
difference in submergence interval (Brill et al., 1995).
Some green turtles actively fed and some rested at night 
(Brill et al., 1995) . Keinath et al. (1995) found that,
generally, mean submergence times were longer at night than 
during the day for subadult loggerheads in Georgia and 
Florida; however, day and night differences in submergence 
times varied with season. For subadult and adult loggerhead 
turtles tracked in Canaveral Harbor entrance channel,
Florida (Standora et al., 1993a; 1993b), mean bottom times 
were greater at night than during the day.
Nelson et al. (1987) reported a higher percent surface
time for the day than during the night for loggerheads at 
Canaveral, Florida. Subadult Kemp's ridleys in Florida and 
Georgia showed little difference in day and night for 
percent of time submerged (Gitschlag et al., 1992) . For 
loggerheads at Canaveral, Florida, the percentage of time 
spent in the bottom third of the water column was greater at 
night than during the day (Standora et al., 1993b) . The 
percentage of time spent in the upper third of the water 
column was smaller at night than during the day (Standora et 
al.,1993b).
Increased activity in turtles such as swimming and 
feeding probably affects diving patterns, since swimming 
oxygen consumption rates can be 2-4 times resting oxygen 
consumption rates (Brill et al., 1995; Jackson and Prange, 
1979; Lutz et al. , 1989) . For subadult green turtles in 
Hawaii, submergence intervals were long and regular when the 
turtles were not moving and short when the turtles were
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swimming and feeding (Brill et al., 1995). Submergence 
times of less than 5 minutes for juvenile green turtles in 
south Texas occurred most often during active periods of 
foraging at dawn and dusk (Renaud et al., 1995).
Nelson et al. (1987) reported higher surfacing 
frequencies for the day than during the night for 
loggerheads at Canaveral, Florida. Keinath and Musick 
(1993) found dives less frequent at night than during the 
day for an adult female leatherback at St. Croix, Virgin 
Islands. For loggerheads in Canaveral, Florida, the mean 
number of surfacings per hour were higher during the day 
than at night in both spring and summer (Standora et al., 
1993a; 1993b). Subadult and adult loggerheads in the Gulf 
of Mexico made significantly more submergences (thus more 
surfacings) during the day than during the night for all 
seasons (Renaud and Carpenter, 1994) . Renaud et al. (1995) 
reported a greater number of long submergences (>10 minutes) 
at night than during the for juvenile green turtles in south 
Texas. This coincided with more surfacings (and 
submergences) and shorter submergences during the day 
(Renaud et al. 1995).
The time and speed for turtles to descend to the sea 
floor was very similar for each season and for the time of 
day. This was also true for ascents to the sea surface. 
Descent times were shorter and descent rates faster than 
ascent times and ascent rates, respectively.
In general, turtles followed a pattern of a rapid 
ascent to the sea surface, a short surface interval to 
breath, then, an even more rapid descent back to the sea
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floor. This pattern minimized the amount of time the turtle 
spent in the water column and maximized the time the turtle 
spent on the bottom feeding and resting. The daily pattern 
of bottom durations (shorter during the day, intermediate 
during twilight, and longer at night) suggests that the 
turtles transitioned during the twilight periods between 
active feeding during the day and inactive resting during 
the night.
Seasonal Diving Patterns
During the spring, turtles in this study spent a higher 
percent of time at or near the water surface compared to the 
summer and fall. Since water temperature measurements in 
this study indicated generally cold water temperatures (18- 
22 °C) and some vertical stratification of the water column 
(19 °C, bottom to 22 °C, top) in the spring, the difference 
in spring diving patterns may be water temperature related.
For loggerhead turtles tracked in Canaveral Harbor 
entrance channel (Standora et al., 1993a; 1993b) mean bottom 
times were slightly higher in spring than in summer, mean 
surface times were much higher in spring than in summer, and 
mean number of surfacings similar for both spring and 
summer.
For adult and subadult loggerheads in the Gulf of 
Mexico, Renaud and Carpenter (1994) found the number of 
submergences, mean submergence time, and percent submergence 
time differed seasonally. The number of submergences was 
highest in summer and lowest in winter. Mean submergence 
duration was longest in the winter and shortest in the
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summer (Renaud and Carpenter, 1994).
For loggerhead turtles tracked in Charleston Harbor 
entrance channel and Savannah Harbor entrance channel, 
Keinath et al. (1995) reported the percent of time (and 
amount of time) at the surface was greater in the spring 
than in fall for turtles in both channels which was likely 
due to turtles responding to the cooler water temperatures 
in the spring by basking near the surface. Most turtles for 
both channels and for both seasons spent the majority of 
their time on the bottom (Keinath et al., 1995) when 
compared to time spent in other portions of the water 
column.
For all the seasons, turtles followed the general 
pattern of rapid ascents and descents between the sea 
surface and sea floor, short surface intervals to respire, 
and long bottom intervals to rest and feed. This pattern 
differed at times in the spring when the surface interval 
increased. In the spring, turtles were observed remaining 
near the sea surface for long periods which was probably a 
response to the cooler water temperatures found near the sea 
floor.
In the fall, the pattern was more dramatic than the 
spring pattern with much longer bottom durations. While the 
cause for long bottom durations in the fall was not 
apparent, this may be a pre-migratory behavior when turtles 
could be spending longer periods resting prior to moving 
away from the nearshore waters to warmer winter locations 
offshore and to the south. Also, the cooling (but not 
necessarily cold) fall water temperatures may serve to slow
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Management Implications
Insights into loggerhead sea turtle behavior gained by 
this study have implications in at least three sea turtle 
management arenas: entrainment by dredges, entrapment by 
fish and shrimp nets, and relative abundance estimates by 
resource managers.
One of the major causes of mortality in sea turtles is 
channel dredging (National Research Council, 1990; Slay and 
Richardson; 1988). In this study, turtles spent most of 
their day on the sea floor, a location where they are most 
susceptible to dredging which pumps sediments and associated 
sea turtles from the sea floor. Current management 
practices to minimize turtle entrainment include winter 
dredging when turtles are absent, modification of dredging 
equipment to move turtles, and relocation of turtles by 
trawling. Winter, when the turtles are absent, is the best 
season to dredge and not entrain turtles (Dickerson et al., 
1995). As indicated in this study, turtles also may be less 
susceptible to entrainment in the spring when they spend 
less time near the sea floor than summer and fall.
Additional spring studies are needed to verify this 
possibility. Since turtles were always relatively active 
and' were never observed in a torpid condition throughout 
this study, turtles should respond to methods of moving them 
out the path of dredges. Since the turtles moved over a 
large area and occupied the channel for short durations, the 
relocation of turtles out of the channel may be hampered by
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the continuous influx of new individuals.
Another major cause of sea turtle mortality is 
entrapment of turtles for long periods of submergence in 
commercial fish and shrimp nets. Sea turtle tolerance to 
extended periods of submergence is unknown. However, the 
average dive cycle of the turtles in this study of about 40 
minutes suggests that turtles may be stressed or drowned by 
commercial netting that keeps them submerged longer than 
this time.
Accurate population estimates of sea turtles are 
required to make decisions on sea turtle management 
policies. Population and relative abundance studies such as 
those conducted by Epperly et al. (1995a; 1995b), Keinath et 
al. (1992), Shoop et al. (1981), and Shoop and Kenney (1992)
need to account for seasonal differences in surface and 
submergence durations when extrapolating observed numbers to 
population estimates. The differences of up to 15 % for 
time spent at the surface between fall and spring found in 
this study can make major differences in estimates.
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C O N C L U S I O N S
1. On a daily basis turtles generally confined their diving 
activity to one location for one to twelve hours in 10 m to 
20 m water depths then moved one to five kilometers to a new 
location. Overall the turtles spent only a small percent of 
time in or near the entrance channel.
2. Duration of diving variables varied widely among and 
between individuals. The loggerhead turtles spent a small 
percent of time in short durations at the sea surface and 
large percent of time in long durations associated with the 
sea floor. A typical loggerhead diving profile could be 
characterized by a rapid ascent of 2-3 minutes from the sea 
floor to the sea surface, a 1-3 minutes stay at the sea 
surface to respire, and an even more rapid 1-2 minutes 
descent directly to the sea floor for 10-70 minutes to rest 
and feed. A turtle on this cycle would typically surface 1- 
4 times per hour.
3. In general, bottom durations, submergence durations, 
and dive cycle durations were longer at night than during 
the day, with twilight durations intermediate between the 
two. Turtles surfaced more frequently during the day than at 
night. No day/night pattern was observed for surface 
duration, descent duration, ascent duration, ascent rate,
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and descent rate. Ascent duration was longer and ascent 
rate slower than descent duration and descent rate, 
respectively. The daily diving pattern suggests more active 
diving during the day which transitions during twilight to a 
less active period during the night.
4. Mean surface durations were greater in the spring than 
summer and fall. Surface/submergence frequency was less in 
the fall than in spring and summer. Bottom durations, 
submergence durations, and dive cycle durations were longer 
in the fall than in the spring or summer. Surface 
durations, descent durations, ascent durations, ascent 
rates, and descent rates did not differ seasonally. The 
greater time spent near the surface in the spring may have 
been a sea surface basking response by turtles using solar 
heating to offset cold bottom water temperatures.
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Appendix 1. Positions for Turtle Tag # QQT139/QQT140
(0 = initial release location).
NUMBER O N  
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 30.7110 81.3730 04/09 18:00 18 :00
1 30.7060 81.3078 04/19 12 :00 12:00
2 30.6533 81.3578 04/20 11:30 12 :33
3 30.6475 81.3603 \ \ 12:51 15:17
4 30.6435 81.3732 u 15:32 16:10
5 30.6440 81.3853 t\ 16:21 16:30
6 30.6460 81.3867 w 16:41 17:31
7 30.6545 81.3947 \ \ 17:31 18 :50
8 30.6542 81.3945 u 18 :52 20 :50
9 30.6612 81.4063 u 20 :56 22:06
10 30.6632 81.3897 04/20-21 22 :30 07:37
11 30.6808 81.3805 04/21 07 :53 08 :49
12 30.6858 81.3768 \ \ 09 :01 09:21
13 30.6907 81.3673 l\ 09 :36 11:15
14 30.6913 81.3532 U 11:34 11:37
15 30 .6445 81.3850 01:07 05 :14
16 30 . 7198 81.3082 4/26 14 :22 16:00
17 30.7222 81.3202 4/26 16 :01 20 :02
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Appendix 2. Locations of Turtle Tag # QQT139/QQT140 (0 = initial 
release location).
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31*00*00*
30*30*00*
Qo /
E n tran ce
C hannel
81*30*00*
10_________________________ 0_________________________ 10___________________ 2 0 ________________________ 30 Klomatara
Spring 1993  
Turtle Tag Number 1 3 9 /1 4 0
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Appendix 3. Positions for Turtle Tag # QQT141/QQT142
(0 = initial release location).
NUMBER O N  
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 30.7090 81.4276 04/10 21:53 21:53
1 30.7887 81.3182 04/11 12 :16 16:24
2 30.8045 81.3097 04/12 16:27 16:38
3 30.7097 81.3318 U 19 :32 20 :08
4 30.7168 81.3207 w 20 :20 20 :20
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Appendix 4. Locations of Turtle Tag # QQT141/QQT142 (0 = initial 
release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Qo /
■o
81*30 'OO*
0__________________________ 10_________________  20 30 O o m iU n
Spring 1993  
Turtle Tag Number 141 /142
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Appendix 5. Positions for Turtle Tag # QQT143/QQT144
(0 = initial release location).
NUMBER O N  
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 30.7150 81.3383 04/17 0830 0830
1 30.6977 81.2865 04/17 0846 0905
2 30.6705 81.2587 \\ 0912 0947
3 30.7100 81.2988 U 1047 1353
4 30.7083 81.3083 u 1421 1528
5 30.7012 81.3055 u 1550 1550
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 6 . Locations of Turtle Tag # QQT143/QQT144 (0 = initial
release location).
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31*00*00*
30*30*00*
Qo /
S t .  M a ry s
81*30*00*
10  0 _________________________ 10_________    20 30  Uomatar*
Spring 1993  
Turtle Tag Number 143 /144
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Appendix 7. Positions for Turtle Tag # QQT149/QQT150
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 30.6703 81.4677 04/17 14 :43 14:43
1 30.6843 81.3032 04/18 10 :41 14:03
2 30.6710 81.3062 \\ 14:04 16:47
3 30.6747 81.3073 \\ 16:48 17:00
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Appendix 8. Locations of Turtle Tag # QQT149/QQT150 (0 = initial
release location).
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31*00*00 *
30*30 '00*
o
S t .  M a ry s
E n tran ce
C hannel
81*30*00 ®
10__________________________0 _________________________ 10  20________________________ 30 Klomatara
Spring 1993  
Turtle Tag Number 1 4 9 /1 5 0
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Appendix 9. Positions for Turtle Tag # QQT151/QQT152
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 30.7125 81.3108 04/23 16:18 16 :18
1 30.6622 81.3083 04/24 12 :21 12 :42
2 30.6443 81.3080 W 12 :58 14 :07
3 30.6933 81.3083 \\ 14 :13 14 :37
4 30.7015 81.3458 u 14 :44 15:10
5 30.7083 81.3328 w 15 :11 15:25
6 30.6960 81.3258 \\ 15 :38 17:58
7 30.6970 81.3117 \\ 18 :06 18 :20
8 30.6972 81.3125 \\ 18 :25 18 :25
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 10. Locations of Turtle Tag # QQT151/QQT152
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00*00'
30*30*00*
o
aT30'00"
10_________________________ 0__________________________10________________________ 20_________________________ 3 0  Uom«tar«
Spring 1993  
Turtle Tag Number 151/152
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Appendix 11. Positions for Turtle Tag # QQT161/QQT162
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 30.7202 81.3118 05/07 13 :30 13 :30
1 30.6922 81.3058 W 17:29 18:01
2 30.7028 81.3213 05/07-08 21:04 01:32
3 30.7057 81.3192 05/08 02:02 03:01
4 30 .7040 81.3280 U 03 :06 03 :27
5 30.6943 81.3195 u 03 :45 06:31
6 30.6795 81.3233 u 06:33 06:35
7 30.6620 81.3312 u 06:52 08 :05
8 30.6593 81.3347 u 08 :26 10 :54
9 30.6595 81.3460 \ 11:19 11:58
10 30.6607 81.3635 11:59 13 :08
11 30.6613 81.3663 u 13 :51 14 :08
12 30.6643 81.3732 w 14 :47 15 :35
13 30.6658 81.3782 n 16:00 16 :42
14 30.6673 81.3845 « 16 :43 11:29
15 30.6682 81.3852 u 17:51 18 :53
16 30.6733 81.3922 w 18 :54 19 :41
17 30 .6748 81.3970 u 19 :42 19 :44
18 30.6778 81.4023 w 19 :45 20 :07
19 30.6757 81.4097 \ 20 :13 20 :27
20 30.6713 81.4128 \ 20 :34 20 :43
21 30.6553 81.4115 \ 20 :45 22 :06
22 30.6520 81.4158 u 22 :07 22 :23
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(Appendix 11 continued. Positions for Turtle Tag # QQT161/QQT162)
23 30 .6460 81.4093 \\ 22 :24 23 :22
24 30.6462 81.4043 05/08-09 23 :23 00:30
25 30.6458 81.4040 05/09 00 :31 01:18
26 30.6557 81.3940 \\ 01:19 02 :41
27 30.6627 81.3920 U 02 :42 03 :55
28 30 .6597 81.3788 u 03 :56 04 :14
29 30 .6557 81.3733 u 04 :15 08 :06
30 30.6460 81.3618 u 08 :07 08:15
31 30.6408 81.3585 u 08 :17 08 :43
32 30 .6382 81.3533 u 09 :15 10 :03
33 30.6372 81.3642 u 10 :14 11:09
34 30.6597 81.3788 u 12 :43 13 :13
35 30.6557 81.3733 \\ 13 :23 13 :34
36 30.6460 81.3618 u 14 :46 15:10
37 30.6408 81.3585 \\ 15 :26 15:33
38 30.6382 81.3533 w 15 :45 15 :54
39 30.6372 81.3642 \\ 15 :59 19 :42
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Appendix 12. Locations of Turtle Tag # QQT161/QQT162
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00 *00 *
30*30*00'
S t .  M a ry s
^ _ T  11  j
'Jr-sr32
jh 33  38
39  35
17, E n tra n c e
C h a n n e l
120 19
Ll 2p #^ae*36 
24
81*30*00'
10_________________________ 0_________________________ 10______________________ 2 0 _________________________30 Klematsr*
Spring 1993  
Turtle Tag Number 161 /1 6 2
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Appendix 13. Positions for Turtle Tag # QQT167/QQT168
(0 = initial release location).
NUMBER O N  
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3713 30.7087 07/12 23 :45 23 :45
1 81.3460 30.7168 07/12-13 23 :49 00:42
2 81.3635 30.6977 07/13 00:56 01:52
3 81.3663 30.6705 n 02:02 02 :48
4 81.3732 30.7100 u 03 :04 08 :30
6 81.3782 30.7083 u 08 :51 10 :32
7 81.3845 30.7012 u 11:02 11:18
8 81.3852 30.6843 w 11:45 12 :55
9 81.3922 30.6710 w 13 :20 14 :40
10 81.3970 30.6747 u 14:48 15 :23
11 81.4023 30.6622 \\ 15:24 17:09
12 81.4097 30.6443 w 17:56 19:07
13 81.4128 30.6933 07/13-14 19:24 01:26
14 81.4115 30.7015 07/14 01:58 07:13
15 81.4158 30.7083 U 07:26 08 :01
16 81.4093 30.6960 w 10 :47 1 1 :34
17 81.4043 30.6970 u 11:53 15 :12
18 81.4040 30.6972 07/14-15 15:24 07 :42
19 81.3940 30.6922 07/15 07:43 09 :01
20 81.3920 30.7028 U 09 :02 09 :02
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
Appendix 14. Locations of Turtle Tag # QQT167/QQT168
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00*00*
30*30*00*
o
Q o
S t .  M a ry s
18,
E n tra n c e
C h a n n e l
81*30*00*
10__________________________0_________________________ 10____________________ 2 0 _____________ 30  Uomatar*
Summer 1 993  
Turtle Tag Number 167 /168
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Appendix 15. Positions for Turtle Tag # QQT169/QQT170 
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3135 30.7130 07/19 12 :00 12:00
1 81.3788 30 .7057 07/19 12 :03 15:10
2 81.3733 30.7040 \\ 15 :11 15:30
3 81.3618 30.6943 U 15 :45 16:24
4 81.3585 30.6795 tt 16:45 17:13
5 81.3533 30.6620 \\ 17:29 18:16
6 81.3642 30.6593 \\
mCM00H 19:29
7 81.3788 30.6595 07/20 02 :52 03 :23
8 81.3733 30.6607 W 03 :34 16:33
9 81.3618 30.6613 07/21 11:14 14 :50
10 81.3585 30.6643 07/21-22 15 :24 08 :30
11 80.3533 30.6658 07/22 08 :31 08 :31
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 16. Locations of Turtle Tag # QQT169/QQT170
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00 *00*
30*30 'OO*
o
S t .  M a ry s
E n tran ce
C h an n e l
81*30*00*
10_________________________ 0_________________________ 10______________________2 0 ___________________  30 Uomatwa
Summer 1 993  
Turtle Tag Number 169/170
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Appendix 17. Positions for Turtle Tag # QQT173/QQT174
(0 = initial release location).
NUMBER O N  
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3578 30.7113 07/22
H
 
in • •
oH
10 :51
1 81.3642 30.6673 07/22 10 :52 11:08
2 81.3427 30.6682 W 12 :34 13 :23
3 81.3440 30.6733 U 13 :28 14 :44
4 81.3483 30.6748 w 14 :57 16:10
5 81.3512 30.6778 w 16 :22 17:59
6 81.3515 30.6757 u 18 :12 18 :33
7 81.3517 30.6713 u 18 :46 19:01
8 81.3642 30.6553 u 19 :17 19:42
9 81.3567 30.6520 u 19 :44 20:29
10 81.3548 30.6460 w 20:38 21:07
11 81.3552 30.6462 w 21:43 23 :08
12 81.3553 30.6458 07/22-23 23 :44 00 :16
13 81.3575 30.6557 07/23 00:37 04:13
14 81.3642 30.6627 W 04 :42 13 :34
15 81.3683 30.6597 w 13 :56 14 :59
16 81.3697 30.6557 \x 15 :44 16 :34
17 81.3600 30.6460 u 16:38 17:18
18 81.3635 30.6408 \\ 17 :38 21:56
19 81.3920 30.6382 w 22 :14 22 :54
20 81.3818 30.6372 07/23-24 23 :09 00:23
21 81.3717 30.6597 07/24 00 :59 01:53
22 81.3690 30.6557 \\ 02 :18 03 :19
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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(Appendix 17 continued. Positions for Turtle Tag 
# QQT173/QQT174)
23 81.3692 30.6460 \ 03 :44 04 :06
24 81.3745 30.6408 07/24 04:27 05 :01
25 81.3672 30.6382 \\ 05:25 05 :33
26 81.3530 30.6372 U 05:48 06:18
27 81.3547 30.7130 u 07:45 08 :13
28 81.3552 3 0.7072 u o 00 to CD o o CD
29 81.3543 30.6972 u 09:09 09 :09
30 81.3712 30.6892 \ 09 :10 09 :10
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 18. Locations of Turtle Tag # QQT173/QQT174
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00*00*
30*30*00*
o
• 'T
20  If  1 7 1 8
2 5
E n tra n c e
C h a n n e l
81*30*00*
0 30 U o n itaa
Summer 1993  
Turtle Tag Number 1 7 3 /1 7 4
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Appendix 19. Positions for Turtle Tag # QQT179/QQT180
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3607 30.7131 08/04 20:45 20 :45
1 81.3597 30.6818 08/04 21:39 22 :30
2 81.3540 30.6710 U 22 :46 23:20
3 81.3548 30.6738 08/05 00 :23 02 :06
4 81.3562 30.6958 \ 02 :12 03 :19
5 81.3583 30.6960 \ 03 :36 04 :54
6 81.3665 30.6915 u 04 :55 06:13
7 81.3773 30.6863 u 06 :32 07:01
8 81.3845 30.6783 u 10 :15 12 :43
9 81.3892 30.6752 w 13 :35 14 :32
10 81.3935 30.6738 u 14 :51 15 :30
11 81.3912 30.6837 w 15 :47 17:57
12 81.3923 30.6752 \ 18 :04 18 :54
13 81.3918 30.6615 u 19 :00 19 :00
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
Appendix 20. Locations of Turtle Tag # QQT179/QQT180
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31 "00*00*
30*30'OO*
S t .  M a ry s
■o
81*30*00*
10__________________________0__________________________10________________________ 20_____   30 Klomatar*
Summer 1993  
Turtle Tag Number 179 /180
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Appendix 21. Positions for Turtle Tag # QQT187/QQT188
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3470 30.7137 08/02 10:40 10 :40
1 81.3845 30.7400 08/02 10 :42 11:09
2 81.3715 30.7377 U 11:37 12 :12
3 81.3725 30.7360 \ 12:31 13 :31
4 81.3662 30.7343 \ 13 :52 15 :31
5 81.3135 30.7328 u 15:49 18 :40
6 81.3235 30.7322 08/03 13 :18 13 :18
7 81.3308 30.7417 W 13 :19 13 :19
8 81.3448 30.7425 w 13 :20 13 :20
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 22. Locations of Turtle Tag # QQT187/QQT188
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00*00
St. Marys
30*30*00
81*30*00*
10_________________________ 0_________________________ 10_________________  20  30 Klomatar*
Summer 1993  
Turtle Tag Number 187_188
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Appendix 23. Positions for Turtle Tag # QQT191/QQT193
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3185 30.7188 07/28 11:17 11:17
1 81.3575 30.7392 07/28 11:32 12 :06
2 81.3565 30.7430 U 12 :06 13 :04
3 81.3528 30.7402 U 14:00 14 :22
4 81.3577 30.7087 u 14 :28 22 :43
5 81.3544 30.7150 07/28-29 23 :04 02 :44
6 81.3522 30.7217 07-29 03 :25 11:01
7 81.3578 30.7340 U 11:15 13 :20
8 81.3538 30.7407 u 13 :48 14 :11
9 81.3527 30.7423 w 14:26 15 :35
10 81.3482 30.7452 w 15:53 17 :02
11 81.3427 30.7547 t 17:18 17 :46
12 81.3440 30.7570 \\ 18:02 18 :39
13 81.3483 30.7547 07/30 13 :56 14 :34
14 81.3512 30.7517 u 14:52 15 :51
15 81.3515 30.7505 u 16:27 17 :15
16 81.3517 30.7482 w 17:47 18 :46
17 81.3642 30.7435 u 18 :51 18 :51
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 24. Locations of Turtle Tag # QQT191/QQT193
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
1 5 r12
30*30*00
81*30*00*
30 U on a lart
Summer 1993  
Turtle Tag Number 1 91 193
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 25. Positions for Turtle Tag # QQT199/QQT200
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.4672 30.6693 07/25 19:30 19:30
1 81.3567 30.7388 07/25 19:55 20 :20
2 81.3793 30.7382 U 22 :39 22 :58
3 81.3693 30.7363 07/25-26 23:20 07:55
4 81.3652 30.7312 07/26 08 :02 08 :20
5 81.3570 30.7130 U 08:31 11:47
6 81.3480 30.7055 U 12:02 13 :01
7 81.3427 30.7023 w 13 :11 14 :35
8 81.3510 30.7048 tt 14:43 15:16
9 81.3522 30.7095 07/26-27 20:05 11: 02
10 81.3502 30.7138 07/27 11:21 12 :30
11 81.3447 30.7140 W 15:43 18 :00
12 81.3318 30.7130 \ 18:13 19:10
13 81.3187 30.7129 07/27-28 22 :16 02 :04
14 81.3083 30.7128 07/28 02 :20 03 :41
15 81.3070 30.7113 U 03 :54 06:58
16 81.2840 30.7148 w 07:00 07:00
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 26. Locations of Turtle Tag # QQT199/QQT200
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00*00*
30*30*00*
S t .  M a ry s
,1 1 ,1 2 ,1 3
1 5
E ntrance
C hannel
81*30 *00*
10_____________________ 0______________________10 _  20___  30 Klomatara
Summer 1 993  
Turtle Tag Number 199_200
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 27. Positions for Turtle Tag # QQT401/QQT402
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END TIME
0 81.3840 30.7132 06/06 16:08 16:08
1 81.2727 30.7150 08/06 16:24 16:37
2 81.2763 30.7142 tt 20:25 21:19
3 81.3607 30.7132 \ 22:05 22 :21
4 81.3482 30.7143 08/06-07 22 :32 00 :56
5 81.3482 30.7185 08/07 01:25 02:01
6 81.3453 30.7228 W 02 :17 05:54
7 81.3490 30.7242 tt 06:10 07:16
8 81.3728 30.7275 \\ 09:35 11:41
9 81.3532 30.7353 u 12 :06 12:25
10 81.3610 30.7408 w 12 :33 13 :27
11 81.3468 30.7408 u 14 :54 15:41
12 81.3447 30.7407 u 15:54 16:29
13 81.3412 30.7488 u 16:50 17:16
14 81.3450 30.7460 u 17:35 18:00
15 81.3465 30.7410 u 18 :39 19:07
16 81.3315 30.7358 u 19:19 19 :34
17 81.3062 30.7285 u 21:19 22 :40
18 81.2842 30.7368 08/08 09:01 10 :01
19 81.3645 30.7205 w 10 :26 13 :43
20 81.3608 30.7135 w 13 :59 16:34
21 81.2242 30.7053 w 16 :54 17:45
22 81.3177 30.6963 08/08-09 H CO o 03 :10
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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(Appendix 27 continued. Positions for Turtle Tag
# QQT401/QQT402)
23 81.3177 30.6923 08/09 03 :25 05:51
24 81.3252 30.6887 \ 06:25 10 :04
25 81.3340 30.6787 08/09 10 :22 11:30
26 81.3305 30.6747 \ 11:53 12 :41
27 81.3298 30.6850 w 12:55 13 :12
28 81.3277 30.7130 u 13 :58 14 :22
29 81.3117 30.7072 08/09-10 20 :02 04 :39
30 81.2983 30.6972 08/10 09 :44 11:07
31
81.3195 30.6892 u 11:20 11:20
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 28. Locations of Turtle Tag # QQT401/QQT402
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
o.,-e 7
' V\.r- 31! t  25
/ 26
St. Marys▲
E n tra n c e
C h a n n e l
61*30*00*
10______________________ 0______________________ 10_________________2 0 _____________________ 30 Uomatari
Summer 1993  
Turtle Tag Number 4 0 1 /4 0 2
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 29. Positions for Turtle Tag # QQT405/QQT406
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3780 30.7107 08/10 13 :10 13 :10
1 81.3312 30.6818 08/10 14 :02 16 :51
2 81.3442 30.6710 n 16:52 17 :56
3 81.3172 30.6738 w 17:57 18 :14
4 81.3347 30.6958 w 18 :40 19 :38
5 81.3602 30.6960 u 19:39 20:30
6 81.3805 30.6883 u 20:31 21:06
7 81.3452 30.6813 08/10-11 21:20 01:21
8 81.3427 30.6813 08/11 01:44 04 :07
9 81.3427 30.7132 u 04 :25 06:23
10 81.3527 30.7125 u 06:43 07:12
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 30. Locations of Turtle Tag # QQT405/QQT406
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00*00*
30*30*00*
o
S t .  M a ry s
* =
/ rs **
,s*
-
■D
a i *30 -oo '
10_________________________ O_____________  10________________________ 20________________________ DO U om au r .
Summer 1993  
Turtle Tag Number 4 0 5 /4 0 6
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 31. Positions for Turtle Tag # QQH797/QQH798
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.2960 30.7158 07/15 11:48 11:48
1 81.3083 30.7060 U 11:48 12 :33
2 81.3055 30.6533 W 12 :40 17:12
3 81.3032 30.6475 \\ 17:13 18 :34
4 81.3062 30.6435 w 18 :54 19 :48
5 81.3073 30.6440 07/15-16 20 :23 01:27
6 81.3083 30.6460 07/16 01:28 10 :20
7 81.3080 30.6545 \\ 10 :42 13 :36
8 81.3083 30.6542 u 13 :37 16 :20
9 81.3458 30.6612 u 16:21 16 :49
10 81.3328 30.6632 l\ 17:13 19 :50
11 81.3258 30.6808 u 19 :56 20 :15
12 81.3117 30.6858 07/16-17 20 :45 01:14
13 81.3125 30.6907 07/17 01:15 04:21
14 81.3058 30.6913 W 04 :42 06 :20
15 81.3213 30.6445 w 06:36 06 :54
16 81.3192 30.7198 u 07:26 10 :02
17 81.3280 30.7222 u 10 :32 13 :43
18 81.3195 30.7092 w 14 :06 18 :26
19 81.3233 30.7094 w 18 :37 20 :01
20 81.3312 30.7096 \ 20 :11 22 :31
21 81.3347 30.7097 07/17-18 22 :33 03 :26
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 32. Locations of Turtle Tag # QQH797/QQH798
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Q o
S t .  Marys 19,17
18 M
v CT3i 12 E ntrance
C hannel
30*30*00
10_________________________0__________________________10________________________ 20_________________________30 Klematara
Summer 1993  
Turtle Tag Number 797_798
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 33. Positions for Turtle Tag # QQT411/QQT412
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.4182 30.7091 10/24
i
in00o in00o
1 81.1707 30.5275 10/27 13 :04 13 :14
2 81.1680 30.5297 10/27-28 13 :22 05:05
3 81.1607 30.5277 10/28 11:53 15:41
4 81.1667 30.5447 U 15 :43 16:53
5 81.1607 30.5277 U 17 :17 17:57
6 81.1817 30 .5585 10/28-29 22 :03 04 :57
7 81.1905 30.5758 10/29 05 :35 06:15
8 81.1978 30.5833 \ \ 06:27 07:52
9 81.2023 30.5963 \ \ 08 :09 11:05
10 81.1903 30.6060 U 11:14 11:42
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
Appendix 34. Locations of Turtle Tag # QQT411/QQT412
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31TXTOO*
30*30*00*
E n tra n c e
C h a n n e l
81*30*00*
10_________________________ 0_________________________ 10________________________ 20___________   30  O em atirt
Fall 1993  
Turtle Tag Number 4 1 1 /4 1 2
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 35. Positions for Turtle Tag # QQT413/414 (0 = initial
release location).
NUMBER O N  
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3635 30.7108 10/29 13 :35 13 :35
1 81.3635 30.7108 10/29 13 :38 13 :53
2 81.3630 30.7102 \\ 13 :55 14 :58
3 81.3365 30.7048 \\ 15:03 16:51
4 81.3408 30.7062 \\ 17:00 22 :15
5 81.3470 30.7018 U 22 :16 23 :14
6 81.3418 30.8227 11/01 15 :50 19:26
7 81.3443 30.8135 11/01-02 19 :59 00 :11
8 81.3478 30.8053 11/02 00 :27 01:11
9 81.3495 30.7953 \\ 01:30 01:57
10 81.3410 30.7852 w 02 :09 03 :24
11 81.3402 30.7707 u 03 :41 04 :40
12 81.3418 30.7643 u 04 :43 04 :50
13 81.3420 30.7647 \\ 04 :51 05 :36
14 81.3465 30.7602 u 05 :37 06:38
15 81.3532 30.7562 u 06 :42 07 :44
16 81.3560 30.6445 11/03 11:09 14 :15
17 81.3450 30.6342 u 14 :33 16 :23
18 81.3420 30.6213 \\ 16 :37 18 :40
19 81.3452 30.6228 11/03-04 20 :37 06 :18
20 81.3443 30.6223 11/04 06 :19 09 :16
21 81.3522 30.6745 11/07 18 :54 19 :24
22 81.3575 30.6618 30 .7102 19 :33 04 :37
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
105
(Appendix 35 continued. Positions for Turtle Tag
# QQT413/QQT414)
23 81.3612 30.6518 11/08 04 :41 05 :38
24 81.3613 30.6522 U 05:39 05:39
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
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Appendix 36. Locations of Turtle Tag # QQT413/414 (0 = initial 
release location) .
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
rr7
s'*
1 5
St. M a r y s
Entrance
Channel
30*30*00
81 *30 *00 *
10______________________ 0_____________________ 10_____________________ 20________________________ 30 Klomatars
Fall 1993  
Turtle Tag Number 4 1 3 /4 1 4
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 37. Positions for Turtle Tag # QQT427/QQT429
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.4188 30.7078 11/03 20:25 20 :25
1 81.3785 30.6630 11/04 09:05 12 :38
2 81.3768 30.6605 11/04-05 14:22 16:50
3 81.3760 30.6490 11/05-06 16:52 06:20
4 81.3757 30.6500 11/06 07:37 08 :44
5 81.3672 30.6517 W 08 :45 10 :48
6 81.3662 30.6573 u 11:01 16 :32
7 81.3632 30.6698 w 16 :37 20:26
8 81.3643 30.6663 11/06-07 20:27 06:00
9 81.3518 30.6747 11/08 09:03 18 :42
10 81.3518 30.6747 \ 18 :43 18 :43
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
Appendix 38. Locations of Turtle Tag # QQT427/QQT429
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
oQo
St. Marys
Entrance
Channel
~o
30*30 *00
10_________________________ 0_________________________ 10________    20_________________________ 30 Kfomatar*
Fall 1993  
Turtle Tag Number 4 2 7 /4 2 9
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
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Appendix 39. Positions for Turtle Tag # QQT431/QQT432
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.4123 30.7087 11/09 14 :3 0 14:30
1 81.3048 30.6012 11/15 10 :56 16:22
2 81.2948 30.5888 \ 16:40 19:00
3 81.2950 30.5895 11/15-16 19 :02 05:41
4 81.3090 30.6030 11/16 05 :59 06:54
5 81.3123 30.6158 U 07:12 09:00
6 81.3158 30.6252 U 09:10 11:34
7 81.3388 30 . 6398 \ 11:50 15 :50
8 81.3573 30 .6422 u 16:06 17:43
9 81.3767 30.6420 11/16-17 17:57 06:30
10 81.3930 30.6622 11/17 06:58 11:31
11 81.3948 30.6855 U 11:40 12:59
12 81.3635 30.6860 u 16:33 19:49
13 81.3617 30.7018 u 20:09 21:31
14 81.3607 30.7210 11/17-18 21:52 03 :22
15 81.3798 30.7348 11/18 03 :37 05:57
16 81.3607 30 .7348 U 06:00 06:00
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 40. Locations of Turtle Tag # QQT431/QQT432
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
aitjo'oo*
30*30*00*
’10
T3
10______________________ 0_____________________ 10  _ _  20   30 Uomatvs
Fall 1993  
Turtle Tag Number 4 3 1 /4 3 2
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
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Appendix 41. Positions for Turtle Tag # QQT435/QQT436
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3512 30.6947 11/12 09 :50 09 :50
1 81.3510 30.6933 11/12 09 :52 10 :22
2 81.3053 30.6573 U 14:03 14:28
3 81.3083 30.6503 u 14:50 16:09
4 81.3170 30.6525 n 16:19 17:03
5 81.3125 30.6450 v\ 20:06 21:55
6 81.3035 30.6288 \\ 22:03 23 :28
7 81.2863 30.6127 11/12-13 23 :51 07:47
8 81.2852 30.6118 11/13 08:07 10 :10
9 81.2753 30.6137 \\ 10 :30 13 :44
10 81.2717 30.6040 \\ 14:02 14 :12
11 81.2680 30.6012 n 14:35 00 :58
12 81.2625 30.5900 n 01:18 05 :53
13 81.2625 30.5898 M 06:06 08 : 08
14 81.2702 30.6098 \\ 08 :27 11:43
15 81.2550 30.6093 U 12 :03 12 :17
16 81.2332 30.5980 U 12 :32 14 :20
17 81.2247 30.5763 u 14 :25 15:53
18 81.2342 30.5783 \\ 16:55 17:13
19 81.2265 30.5702 11/13-14 17:51 06 :28
20 81.2275 30.5793 W 06:30 06:30
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
Appendix 42. Locations of Turtle Tag # QQT435/QQT436 (0 =
initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
oto   0_____________________ 10____  20   30 UomsUra
Fall 1993  
Turtle Tag Number 4 3 5 /4 3 6
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 43. Positions for Turtle Tag # QQT454/QQT455
(0 = initial release location).
NUMBER ON 
MAP
LATITUDE LONGITUDE DATE
(1993)
START
TIME
END
TIME
0 81.3532 30.7113 11/18 13 :30 13 :30
1 81.3532 30.7115 11/18 13 :33 14:12
2 81.3413 30.6962 U 14 :58 16:02
3 81.3272 30.6882 W 16:10 17:50
4 81.3232 30.6792 \ 18 :00 19:11
5 81.3188 30.6858 u 19 :22 23 :17
6 81.3188 30.6850 11/18-19 23 :29 07 :23
7 81.3115 30.7148 11/19 07:36 13 :04
8 81.3085 30.7213 \ 13 :15 13 :16
9 81.2995 30.7193 U 14 :40 15 :40
10 81.2887 30.7095 U 16:02 19 :02
11 81.2888 30.7042 \ 19 :16 20 :25
13 81.2907 30.7155 11/19-20 20 :42 07:02
14 81.2997 30.7287 11/20 07:30 07 :44
15 81.3095 30.7370 \ 07 :45 10 :22
16 81.3195 30.7457 v\ 10 :40 11:42
17 81.3228 30.7517 u 13 :27 17 :00
18 81.2965 30.7187 11/20-21 20 :56 00:31
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix 44. Locations of Turtle Tag # QQT454/QQT455
(0 = initial release location).
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31*00*00
o
St. Marye
*o
81*30*00*
0  10 20 30 KlomtUra
Fall 1993  
Turtle Tag Number 454 /455
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 45. Percent time spent in or near the channel for
monitored turtles by season (Spring 1993)(All percentages are
based on total tracking time).
TAG # TIME
TRACKED
(hr)
TIME IN 
CHANNEL 
(hr)
% TIME 
IN
CHANNEL
TIME
NEAR
CHANNEL
(hr)
% TIME
NEAR
CHANNEL
TIME 
OUT 
{>0.46 
km) OF 
CHANNEL 
(hr)
% TIME 
OUT OF 
CHANNEL
QQT139 35 0.0 0.0% 0.0 0.0% 35.0 100%
QQT141 3 0.0 0.0% 1.0 33.0% 2.0 67%
QQT143 7 0.0 0.0% 0.0 0.0% 7.0 100%
QQT149 1 0.0 0.0% 0.0 0.0% 1.0 100%
QQT151 6 0.0 0.0% 1.5 25.0% 4.5 75%
QQT161 51 0.0 0.0% 10.0 20.0% 41.0 80% .
SEASON
TOTAL
103 0.0 0.0% 12.5 12.0% 90.5 88%
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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Appendix 46. Percent time spent north and south of the channel
for monitored turtles by season (Spring 1993)(All percentages are
based on total tracking time).
TAG # TIME
NORTH OF
CHANNEL
(hr)
% TIME 
NORTH OF 
CHANNEL
TIME 
SOUTH OF 
CHANNEL 
(hr)
% TIME 
SOUTH OF 
CHANNEL
MEAN DISTANCE 
FROM CHANNEL 
(km)
(mean + SD)
QQT139 5.5 15.0% 29.5 84.0% 4.68 + 2.82
QQT141 2.0 67.0% 0.0 0.0% >9.1
QQT143 1.0 14.0% 6.0 86.0% 1.82 + 1.16
QQT149 1.0 100.0% 0.0 0.0% NA
QQT151 0.0 0.0% 4.5 75.0% 4.19 + 2.88
QQT161 1.0 2.0% 40.0 78 .0% 3.69 + 2.66
SEASON
TOTAL
10.5 10.0% 80.0 78 .0% 3.95 + 3.06
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
117
Appendix 47. Percent time spent in or near the channel for
monitored turtles by season (Summer 1993)(All percentages are
based on total tracking time).
TAG # TIME
TRACKED
(hr)
TIME IN 
CHANNEL 
(hr)
% TIME 
IN
CHANNEL
TIME
NEAR
CHANNEL
(hr)
% TIME
NEAR
CHANNEL
TIME 
OUT 
(>0.46 
km) OF 
CHANNEL 
(hr)
% TIME 
OUT OF 
CHANNEL
QQH797 59.0 0.0 0.0% 0.0 0.0% 59.0 100.0%
QQT167 41.0 0.0 0.0% 0.0 0.0% 41.0 100.0%
QQT169 42 . 0 5.0 12.0% 10.0 24.0% 27.0 64.0%
QQT173 46.0 2.0 4.0% 1.0 2.0% 43 .0 94.0%
QQT179 22.0 0.0 0.0% 1.0 5.0% 21.0 95.0%
QQT187 4.0 1.5 37.5% 1.0 25.0% 1.5 37.5%
QQT191 36.0 0.0 0.0% 0.0 0.0% 36.0 100.0%
QQT199 59.0 5.0 8.5% 13.0 22.0% 41.0 69.5%
QQT401 79.0 7.0 9.0% 10.0 13.0% 62.0 78.0%
QQT405 19.0 0.0 0.0% 1.0 5.0% 18.0 95.0%
SEASON
TOTAL
407.0 20.5 5.0% 37.0 9.0% 349.5 86.0%
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
118
Appendix 48. Percent time spent north and south of the channel
for monitored turtles by season (Summer 1993)(All percentages are
based on total tracking time).
TAG # TIME
NORTH OF
CHANNEL
(hr)
% TIME 
NORTH OF 
CHANNEL
TIME 
SOUTH OF 
CHANNEL 
(hr)
% TIME 
SOUTH OF 
CHANNEL
MEAN DISTANCE 
FROM CHANNEL 
(km)(mean + SD)
QQH797 55.0 93.0% 4.0 7.0% 4.35 + 1.42
QQT167 41.0 100.0% 0.0 0.0% 4.17 ± 2.07
QQT169 23.5 56.0% 3.5 8.0% 1.33 ± 2.29
QQT173 38.5 84.0% 4.5 10.0% 2.51 + 1.64
QQT179 1.0 5.0% 20.0 90.0% 1.73 ± 1.22
QQT187 0.0 0.0% 1.5 37.5% 3.20 ± 3.29
QQT191 36.0 100.0% 0.0 0.0% 2.71 ± 1.35
QQT199 41.0 69.5% 0.0 0.0% 2.84 + 1.62
QQT401 55.0 69.0% 7.0 9.0% 1.67 + 1.40
QQT405 1.0 5.0% 17. 0 90.0% 2.84 ± 1.46
SEASON
TOTAL
292.0 72.0% 57.5 14.0% 2.69 ± 1.95
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Appendix 49. Percent time spent in or near the channel for
monitored turtles by season (Fall 1993) (All percentages are based
on total tracking time).
TAG # TIME
TRACKED
(hr)
TIME IN 
CHANNEL 
(hr)
% TIME 
IN
CHANNEL
TIME
NEAR
CHANNEL
(hr)
% TIME
NEAR
CHANNEL
TIME 
OUT 
(>0.46 
km) OF 
CHANNEL 
(hr)
% TIME 
OUT OF 
CHANNEL
QQT411 40.0 0.0 0% 0 0% 40.0 100%
QQT413 49.0 0.0 0% 8 16% 41.0 84%
QQT427 28.0 0.0 0% 0 0% 28.0 100%
QQT431 67.0 0.0 0% 1.5 2% 65.5 98%
QQT435 69.0 0.0 0% 0 0% 69.0 100%
QQT454 59.0 0.0 0% 0 0% 59.0 100%
SEASON
TOTAL
312.0 0.0 0% 9.5 3% 302.5 97%
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Appendix 50. Percent time spent north and south of the channel
for monitored turtles by season ( Fall 1993) (All percentages are
based on total tracking time).
TAG # TIME
NORTH
OF
CHANNEL
(hr)
% TIME
NORTH
OF
CHANNEL
TIME
SOUTH
OF
CHANNEL
(hr)
% TIME
SOUTH
OF
CHANNEL
MEAN DISTANCE 
FROM CHANNEL 
(km)(mean ±  SD)
QQT411 0.0 0% 40.0 100% > 18.2
QQT413 14.5 30% 26.5 54% 6.35 ±  4.02
QQT427 0.0 0% 28.0 100% 5.24 ±  9.26
QQT431 10.0 15% 55.5 83% 5.48 ±  3.31
QQT43 5 0.0 0% 69.0 100% 7.04 ±  3.15
QQT454 42.0 71% 17.0 29% 2.69 + 1.69
SEASON
TOTAL
66.5 21% 236.0 76% 5.46 ±  3.77
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Appendix 51. Percent of time spent at various depth intervals 
(m)for each turtle (1993).
Turtle
ID
Surface 
to 0.3
Surface 
to 1.5 m
Submerged 
> 0.3 m
Surface 
to 3 m
Mid- 
Water 
3-10 m
Near- 
Bottom 
> 10 m
QQT139 11.1 25.8 88.9 37.9 36.6 25.5
QQT149 11.1 43.4 88.9 16.1 2.6 81.3
QQT151 27.3 14.9 72.7 47.6 14.5 37.9
QQT161 26.5 40.4 73 .5 52.6 17.4 30.0
QQT199 22.0 27.0 78.0 28.1 2.1 69.8
QQT401 10.0 14.1 90.0 18.6 9.7 71.7
QQT405 11.4 29.5 88.6 46.9 25.3 27.8
QQT191 7.1 12.2 92.9 15.2 14.6 70.2
QQT169 2.0 2.3 98.0 2.7 1.4 95.9
QQH797 8.1 13.0 91.9 15.8 8.6 75.6
QQT167 3.0 11.9 97.0 22.6 13.7 63.7
QQT179 5.4 24.0 94.6 51.9 29.5 18.6
QQT173 6.1 12.6 93 .9 14.7 18.3 67.0
QQT411 4.3 5.3 95.7 7.1 30.4 62.6
QQT413 3.3 5.2 96.7 9.3 30.8 59.8
QQT427 3.1 2.2 96.9 2.9 4.6 92.5
QQT431 7.4 14.5 92.6 17.7 21.2 59.0
QQT435 4.4 7.0 95.6 8.0 11.6 80.4
QQT454 3.0 5.4 97.0 12.8 27.9 59.3
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Appendix 52. Percent of time spent at various water depth intervals 
(m) for each turtle (1993).
Turtle ID < 0 - 3 3-6 6-9 9-12 12-15 15-20 20-25
QQT139 37.9 26.7 9.9 17.3 8.2 0.0 0.0
QQT149 16.1 1.3 1.3 3.9 24.2 53.2 0.0
QQT151 47.6 8.5 6.0 12.3 25.6 0.0 0.0
QQT161 52.6 9.1 8.3 15.1 14.9 0.0 0.0
QQT199 28.1 0.9 1.2 5.8 36.5 27.5 0.0
QQT401 18.6 6.1 3.6 6.4 34.6 30.7 0.0
QQT405 46.9 7.4 17.9 19.7 8.1 0.0 0.0
QQT191 15.2 6.1 8.5 41.3 28.9 0.0 0.0
QQT169 2.7 0.6 0.8 0.9 64.6 30.4 0.0
QQH797 15.8 3.1 5.5 61.4 14.2 0.0 0.0
QQT167 22.6 4.6 9.1 57.3 6.4 0.0 0.0
QQT179 51.9 15.6 13.9 8.8 9.8 0.0 0.0
QQT173 14.7 5.0 13.3 40.9 26.1 0.0 0.0
QQT411 7.1 8.8 21.6 9.0 7.4 16.2 30.0
QQT413 9.3 20.4 10.4 26.6 33 .2 0.0 0.0
QQT427 2.9 3.3 1.3 58.0 34.5 0.0 0.0
QQT431 17.7 6.4 14.8 42.3 0.2 16.5 0.0
QQT435 8.0 4.4 7.2 10.8 3.6 19.2 46.8
QQT454 12.8 18.3 9.6 7.6 51.7 0.0 0 . 0
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Appendix 53. Loggerhead turtle surface durations (seconds),
surface durations less than 10 sec excluded.
Turtle
ID
n Mean SD SB 95% Confidence 
Interval
Maximum
Spring
139 49 235.1 391.0 55.9 122.8 to 347.4 2663.0
141 12 500.1 936.2 270.3 -94.8 to 1094.9 3420.0
149 21 292.2 404.4 88.3 108.1 to 476.3 1865.0
151 17 451.9 642.4 155.8 121.6 to 782.2 2572.0
161 32 1108.9 1982.9 350.5 394.0 to 1823.8 8731.0
Summer
167 104 63.0 89.9 8.8 45.5 to 80.46 820.0
169 37 50.2 43 .1 7.1 35.9 to 64.6 229.0
173 91 108.3 245.8 25.8 57.1 to 159.4 2151.0
179 44 76.5 67.4 10.2 56.0 to 97.01 350.0
191 51 97.1 165.1 23.1 50.7 to 143.5 952.0
199 73 119.8 91.1 10.7 98.6 to 141.1 541.0
401 111 158.2 282.5 26.8 105.1 to 211.4 2668.0
405 36 112.6 56.8 9.5 93.3 to 131.8 233 .0
797 117 135.4 235.1 21.7 92.3 to 178.4 1582.0
Fall
411 30 183 .3 100.5 18 .3 145.8 to 220.9 606.0
413 36 206.2 84.8 14.1 177.6 to 234.9 402.0
427 40 149.7 138.4 21.9 105.4 to 193.9 811.0
431 93 153 .0 343 .5 35.6 82.3 to 223.8 2921.0
435 34 479.7 995.4 170.7 132.4 to 827.0 5203.0
454 33 174.9 88.8 15.5 143.4 to 206.4 346.0
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Appendix 54. Loggerhead turtle surfacing frequencies (number per 
hour).
Turtle
ID
n Mean SD SB 95% Confidence 
Interval
Maximum
Spring
139 26 1.9 2.4 0.5 1.0 to 2.9 9.0
141 5 3.0 3.3 1.5 -1.1 to 7.1 8.0
149 21 1.9 2.3 0.5 0.9 to 2.9 9.0
151 5 15.2 7.8 3.5 5.5 to 24.9 24.0
161 28 2.4 2.0 0.4 1.7 to 3.2 8.0
Summer
167 40 4.4 3.8 0.6 3.2 to 5.7 20.0
169 33 1.1 0.7 0.1 0.9 to 1.4 3.0
173 33 4.0 2.8 0.5 3.0 to 5.0 15.0
179 10 7.2 2.7 0.9 5.2 to 9.2 13 .0
191 21 5.3 3.4 0.7 3.7 to 6.8 14.0
199 36 3.3 2.2 0.4 2.6 to 4.1 11.0
401 54 2.3 1.8 0.2 1.8 to 2.8 7.0
405 10 3.4 2.4 0.7 1.7 to 5.1 7.0
797 49 3.5 3.1 0.4 2.7 to 4.4 16.0
Fall
411 31 1.1 0.7 0.1 0.8 to 1.3 2.0
413 47 0.9 0.9 0.1 0.6 to 1.1 5.0
427 70 0.6 0.8 0.1 0.4 to 0.8 5.0
431 63 2.1 2.8 0.3 1.4 to 2.8 14.0
435 57 1.6 2.7 0.4 0.9 to 2.3 13 .0
454 40 0.8 0.9 0.1 0.5 to 1.0 4.0
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Appendix 55. Loggerhead turtle bottom durations (seconds),
bottom durations less than 60 sec excluded.
Turtle
ID
n Mean SD SB 95% Confidence 
Interval
Maximum
Spring
139 30 846.7 1192.2 217.7 401.5 to 1291.8 5311.0
141 7 458.1 704.4 266.2 -193.3 to 1109.6 1980.0
149 20 1487.6 1760.0 393.6 663.9 to 2311.3 8186.0
151 9 639.6 426.2 142.1 312.0 to 967.2 1129.0
161 22 1580.7 1891.5 403.3 742.0 to 2419.3 8370.0
Summer
167 81 1115.1 838 .6 93.2 929.7 to 1300.5 2954.0
169 12 393 .8 432.9 125.0 118.8 to 668.9 1251.0
173 78 803 .9 484.9 54.9 694.5 to 913.2 2384.0
179 12 236.4 151.6 43 .8 140.1 to 332.7 508.0
191 48 851.0 586.4 84.6 680.8 to 1021.3 2899.0
199 72 1282.5 484.9 57.1 1168.6 to 1396.4 3525.0
401 79 1172.1 804.0 90.5 992.1 to 1352.2 4058 .0
405 11 675.4 360.8 108.8 430.0 to 917.8 1231.0
797 95 1015.8 595.5 61.1 894.5 to 1137.1 3465.0
Fall
411 27 2115.3 2161.1 415.9 1260.4 to 2970.2 6719.0
413 29 3055.9 2523.3 468.6 2096.1 to 4015.7 7906.0
427 34 5907.1 3654.2 626.7 4632.1 to 7182.1 10899.0
431 64 2353 .2 2211.4 276.4 1800.9 to 2905.6 9540 . 0
435 28 4273.4 3443.9 650.8 2938.0 to 5608.8 9381.0 '
454 25 4246.6 4070.0 814.0 2566.6 to 5926.6 10885.0
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Appendix 56. Loggerhead turtle submergence durations (seconds),
submergences less than 60 sec excluded.
Turtle
ID
n Mean SD SB 95% Confidence 
Interval
Maximum
Spring
139 44 2093.4 2110.2 318.1 1451.8 to 2734.9 6971.0
141 9 816.2 751.0 250.3 239.0 to 1393.4 2550.0
149 17 1794.5 1217.9 295.4 1168.3 to 2420.7 5820.0
151 16 714.0 466.7 116.7 465.3 to 962.7 1348.0
161 73 1074.3 1225.0 143.4 788.5 to 1360.1 8443.0
Summer
167 127 1009.7 815.8 72.4 866.4 to 1152.9 3342.0
169 51 433.4 380.2 53.2 326.5 to 540.4 1829.0
173 89 1047.6 612.1 64.9 918.7 to 1176.5 3077.0
179 32 746.8 507.8 59.8 563.7 to 929.9 2481.0
191 51 1117.2 969.7 135.8 844.5 to 1389.9 6103.0
199 70 1372.4 515.1 61.6 1249.7 to 1495.2 3631.0
401 101 1412.9 823.3 81.9 1250.4 to 1575.4 4146.0
405 34 874.2 881.8 151.2 566.5 to 1181.9 4349.0
797 115 1002.3 614.6 57.3 888.8 to 115.9 3577.0
Fall
411 25 3461.0 2155.6 431.1 2571.2 to 4350.8 6840.0
413 31 4418.2 1942 .4 348.9 3705.7 to 5130.7 8026.0
427 34 6285.5 3681.6 631.4 5000.9 to 7570.1 11030.0
431 92 2078.0 2178.2 227.1 1626.9 to 2529.1 9701.0
435 33 5566.4 3052.8 531.4 4484.0 to 6648.9 9566.0
454 31 5465.8 3245.4 582.9 4275.4 to 6656.2 11035.0
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Appendix 57. Loggerhead turtle dive cycle durations (seconds),
dive cycles less than 60 sec excluded.
Turtle
ID
n Mean SD SB 95% Confidence 
Interval
Maximum
Spring
139 44 2336.7 2067.3 311.7 1708.2 to 2965.2 7082.0
141 10 1287.2 1064.7 336.7 525.6 to 2048.8 3600.0
149 15 1959.8 1394.0 359.9 1187.8 to 2731.8 5820.0
151 16 1187.6 810.6 202.7 755.6 to 1619.5 2959.0
161 73 1877.3 1851.4 216.7 1445.3 to 2309.2 9925.0
Summer
167 128 1053.1 824.1 72.8 909.0 to 1197.3 3364.0
169 53 449.7 395.1 54.3 340.8 to 558.6 1850.0
173 91 1122.5 661.3 69.3 984.8 to 1260.2 3171.0
179 33 807.7 518.3 90.2 623.9 to 991.5 2573.0
191 50 1198.6 1000.8 141.5 914.2 to 1483.0 6193.0
199 70 1486.0 510.6 61.0 1364.3 to 1607.7 3769.0
401 102 1550.3 925.5 91.6 1368.5 to 1732.1 4316.0
405 34 982 .1 884.2 151.6 673.6 tol290.6 4390.0
797 117 1116.2 672.4 62.2 993.1 to 1239.3 3671.0
Fall
411 25 3648.6 2139.5 427.9 2765.5 to 4531.8 7001.0
413 31 4625.8 1968.1 353.5 3903.9 to 5347.8 8261.0
427 34 6440.3 3753.9 643.8 5130.5 to 7750.0 11456.0
431 92 2224.3 2203.5 229.7 1767.9 to 2680.6 9950.0
435 32 6049.8 3142.3 555.5 4916.9 to 7182.8 11298.0
454 30 5284.8 3377.8 616.7 4023.5 to 6546.1 3671.0
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Appendix 58. Loggerhead turtle ascent durations (seconds)
(includes only ascents from the sea floor).
Turtle
ZD
n Mean SD SE 95% Confidence 
Interval
Maximum
Spring
139 23 150.8 55.1 18.4 112.7 to 188.9 393.0
141 8 261.0 141.3 49.9 142.9 to 379.1 450.0
149 20 68.1 21.2 4.7 58.2 to 78.0 111.0
151 8 116.1 63 . 9 22.6 62.7 to 169.6 235.0
161 25 95.2 57.6 11.5 71.4 to 119.0 277.0
Summer
167 84 62.0 59.7 6.5 49.0 to 74.9 521.0
169 17 338.5 212.5 51.5 229.2 to 447.7 875.0
173 66 92.5 55.1 6.8 78.9 to 106.0 326.0
179 9 203 .9 144.8 48.2 92.6 to 315.2 488.0
191 50 125.7 115.2 16.3 93.0 to 158.5 571.0
199 73 52.6 38.3 4.5 43.6 to 61.5 327.0
401 74 130.9 144.5 16.8 97.4 to 164.4 643 .0
405 6 372.8 230.6 94 .1 130.8 to 614.8 730.0
797 104 53.7 44.8 4.4 45.0 to 62.4 386.0
Fall
411 21 141.0 81.8 17 .9 103.7 to 178.2 376.0
413 15 73.9 16.1 4.1 65.0 to 82.9 100 .0
427 33 87.5 55.2 9.6 68.0 to 107.1 293 .0
431 59 78.0 39.8 5.2 67.6 to 88.4 274.0
435 15' 133.1 69.4 17.9 94.6 to 171.5 313 .0
454 13 106.4 58.4 16.2 71.1 to 141.7 270.0
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Appendix 59. Loggerhead turtle descent durations (seconds)
(includes only descents to the sea floor).
Turtle
ID
n Mean SD SE 95% Confidence 
Interval
Maximum
Spring
139 32 92.7 22.4 4.0 84.6 to 100.8 136.0
141 8 169.9 113.0 39.9 75.4 to 264.3 360.0
149 20 62.0 30.0 6.7 47.9 to 76.0 145.0
151 9 136.7 133 .8 44.6 33.8 to 239.5 476.0
1S1 26 74.1 50.9 10.0 53.6 to 94.7 206.0
Summer
167 89 54.2 28.5 3.0 48.2 to 60.2 212.0
169 20 67.9 18.5 4.1 59.2 to 76.6 115.0
173 79 74.4 109.6 12.3 49.9 to 99.0 776.0
179 14 72.5 16.8 4.5 62.8 to 82.2 101.0
191 50 65.3 112.5 15.9 33.3 to 97.2 829.0
199 74 56.0 25.7 3 .0_ 50.0 to 62.0 174.0
401 88 90.2 70.1 7.5 75.4 to 105.1 422 .0
405 13 136.5 55.5 15.4 103.0 to 170.1 222.0
797 106 51.5 48.8 4 .74 42.1 to 60.9 380.0
Fall
411 27 102.4 59.2 11.4 79.0 to 125.9 347.0
413 26 65.6 38.3 7.5 50.1 to 81.1 220.0
427 34 103.9 171.5 29.4 44.0 to 163.7 796.0
431 62 75.5 64.4 8.2 59.1 to 91.9 474 . 0
435 27 98.1 50.1 9.6 78.3 to 118.0 268 . 0
454 25 91.3 48.4 9.7 71.3 to 111.3 219.0
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Appendix 60. Loggerhead turtle descent rates (meters per second)
(includes only descents to the sea floor).
Turtle
ID
n Mean SD SE 95% ConCidence 
Interval
Maximum
Spring
139 32 0.121 0.042 0.008 0.106 to 0.137 0.302
141 8 0.154 0.232 0.082 -0.04 to 0.348 0.719
149 20 0.278 0.093 0.021 0.235 to 0.322 0.456
151 9 0.147 0.076 0.025 0.089 to 0.206 0.262
161 26 0.218 0.137 0.027 0.163 to 0.273 0.648
Slimmer
167 89 0.237 0.112 0.012 0.213 to 0.260 0.896
169 20 0.224 0.054 0.012 0.199 to 0.250 0.331
173 79 0.237 0.084 0.010 0.218 to 0.256 0.375
179 14 0.184 0.046 0.012 0.158 to 0.211 0.298
191 50 0.270 0.094 0.013 0.243 to 0.297 0.462
199 74 ' 0.288 0 .118 0.014 0.260 to 0.315 1.076
401 88 0.205 0.087 0.009 0.187 to 0.223 0 .434
405 13 0 . 095 0.037 0.010 0.072 to 0.117 0.166
797 106 0.260 0.144 0.014 0.233 to 0.288 1.415
Fall
411 27 0.191 0.071 0.014 0.163 to 0.219 0.317
413 26 0.211 0.069 0.014 0.184 to 0.239 0.353
427 34 0.227 0.113 0.019 0.188 to 0.266 0.618
431 62 0.171 0.059 0.008 0.156 to 0.186 0.412
435 27 0.235 0.116 0.022 0.189 to 0.281 0.702
454 25 0.162 0.069 0.014 0.134 to 0.191 0.364
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Appendix 61. Loggerhead turtle ascent rates (meters per second)
(includes only ascents from the sea floor).
Turtle
ZD
n Mean SD SE 95% Confidence 
Interval
Maximum
Spring
139 23 0.115 0.148 0.031 0.051 to 0.179 0.775
141 8 0.059 0.043 0.015 0.023 to 0.095 0.145
149 20 0.241 0.089 0.020 0.200 to 0.283 0.498
151 8 0.138 0.077 0.027 0.073 to 0.203 0.297
1S1 25 0.176 0.134 0.027 0.120 to 0.232 0.736
Summer
167 84 0.241 0.127 0.014 0.214 to 0.269 0.534
169 17 0.055 0.036 0.009 0.037 to 0.074 0.151
173 66 0.156 0.056 0.007 0.142 to 0.170 0.296
179 9 0.091 0.053 0.018 0.051 to 0.132 0.169
191 50 0.174 0.267 0.038 0.098 to 0.250 1.966
199 73 0.323 0.095 0.011 0.301 to 0.346 0.488
401 74 0.204 0.128 0.015 0.175 to 0.234 0.512
405 6 0.044 0.034 0 .014 0.008 to 0.079 0 .108
797 104 0.257 0.116 0.011 0.234 to 0.279 0.895
Fall
411 21 0.153 0.079 0.017 0.118 to 0.189 0.291
413 15 0.165 0.038 0 .010 0.144 to 0.186 0.245
427 33 0.160 0.060 0.011 0.139 to 0.182 0.280
431 59 0.155 0.052 0.007 0.141 to 0.168 0.350
435 15 0.178 0.075 0.019 0.137 to 0.220 0.295
454 13 0.154 0.056 0.016 0.120 to 0.188 0.242
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